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CHAPTER I
INTRODUCTION
C le a rc u t t in g  as  a  s i l v i c u l t u r a l  p r a c t ic e  has been  th e  s u b je c t o f 
much h e a te d  deb a te  d u rin g  th e  p a s t  s e v e ra l  y e a r s .  U n ti l  r e c e n t ly  th e re  has 
been  l i t t l e  q u a n t i t a t iv e  in fo rm a tio n  a v a i la b le  co n ce rn in g  e f f e c t s  o f t r e e  
rem oval on w a te r  and n u t r i e n t  c y c lin g  in  a  f o r e s t  ecosystem .
Prom th e  l a t e  1960s u n t i l  th e  p re s e n t s e v e ra l  s tu d ie s  on th e  E as t 
and West C oasts have shed c o n s id e ra b le  s c i e n t i f i c  l i g h t  on th e  e f f e c t s  
o f c l e a r c u t t in g  on w a te r  q u a l i t y ,  and , in  a  l im i te d  s e n s e , on p o s s ib le  
s o i l  n u t r i e n t  d e p le t io n .  T h e r e - e x is t s , how ever, a  la rg e  gap in  b o th  d a ta  
and u n d e rs ta n d in g  o f th e  r e la t io n s h ip s  o f c l e a r c u t t i n g  to  w a te r d is c h a rg e , 
w a te r  q u a l i t y ,  and n u t r i e n t  lo s s e s  in  th e  N orthern  Rocky M ountain c o n if ­
e ro u s  f o r e s t s .  T his s tu d y  i s  an a tte m p t to  p a r t i a l l y  f i l l  t h a t  gap .
PURPOSES AND SCOPE
The o b je c t iv e s  o f t h i s  in v e s t ig a t io n  w e re :
(1 ) To de term ine  and compare h y d ro lo g ic  and w a te r  q u a l i ty  ch ar­
a c t e r i s t i c s  o f s tream s flo w in g  from s e le c te d  f o r e s te d  and 
c le a r c u t  w a te rsh e d s ;
(2 ) To compute n u t r i e n t  d isch a rg e  d u rin g  th e  tim e m onito red  f o r  
each  of th e  w a te rsh ed s  in  q u e s tio n ;
(3 ) To e s tim a te  s p e c i f i c  n u t r i e n t  lo s s e s  in  each  w a te rsh e d , com­
p a r in g  th e  lo s s e s  o f each  c le a r c u t  w a te rsh ed  w ith  i t s  uncu t
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c o u n te rp a r t  over th e  w a te r y e a r  1 O ctober 1972 th ro u g h  30 
Septem ber 1973» and. to  s p e c u la te  as  to  th e  cau ses  o f th e se
i 1lo s s e s .
RELATED V/CRIC
R ecent s ig n i f i c a n t  s tu d ie s  have fo cu sed  on th e  sm all w a te rsh ed  as 
a  u n i t  o f fundam ental re s e a rc h  (Bormann and L ik en s , 1967; L ik en s , e t  a l . ,  
1967; C leav es , e t  a l . ,  1970; O lsen and Chapman, 1972). Because o f th e  
r e l a t i v e  ease  o f d e te rm in in g  a l l  p e r t in e n t  p a ra m e te rs , th e  sm all w a tersh ed  
approach  to  th e  s tu d y  o f h y d ro lo g ic -n u t r ie n t  c y c le  i n t e r a c t io n  makes i t  
p o s s ib le  to  d e a l w ith  complex p ro c e sse s  o f an  ecosystem  on an  e x p e rim en ta l 
b a s i s .
Hubbard Brook
The b e s t  known and most com prehensive in v e s t ig a t io n  o f n u t r i e n t  
c y c lin g  and i t s  response  to  d is tu rb a n c e  i s  th e  Hubbard Brook Ecosystem  
s tu d y  (L ik e n s , e t  a l . ,  1970)•
Hubbard Brook i s  an  ex p erim en ta l f o r e s t  ly in g  w ith in  th e  White 
M ountain N a tio n a l F o re s t  o f New H am pshire. V e g e ta tio n  in  one 39 a c re  (16 
h e c ta re )  w a te rsh ed  in  t h i s  n o r th e rn  hardwood f o r e s t  was c u t and l e f t  in  
p la c e .  Regrowth was p ro h ib i te d  f o r  a  p e r io d  o f two y e a rs  by a p p l ic a t io n  
o f h e r b ic id e s .
Among th e  f in d in g s  d u rin g  th e  f i r s t  two y e a rs  subsequen t to  de­
f o r e s t a t i o n  were th e  fo llo w in g :
As u sed  in  t h i s  s tu d y  “d isc h a rg e "  o r  " o u tp u t"  i s  n u t r i e n t  rem oval 
v ia  s tream flo w ; " lo s s "  i s  a c tu a l  n u t r i e n t  lo s s  from a  w a tersh ed  ( i . e . ,  
ou tp u t minus in p u t ) .
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( 1) Average s tream  w a te r  c o n c e n tra tio n s  in c re a s e d  “by 417% f o r  
c a lc iu m , 4 0 8 / f o r  magnesium, 158/  f o r  p o ta ss iu m , and 177/  
f o r  sodium* N i t r a te  c o n c e n tra t io n  was 41 f o ld  h ig h e r  th e  
f i r s t ,  and 51 f o ld  h ig h e r  th e  seco n d , y e a r  fo llo w in g  d e fo r­
e s t a t i o n .
(2 ) Net b u d g e ta ry  lo s s e s  from th e  c u t w a te rsh ed  and from an uncu t 
c o n tro l  w a te rsh ed  were a s  f o l lo w s :
Table 1
N u tr ie n t L osses -  Hubbard Brook
Cut Uncut
N it r a te
Calcium
Magnesium
P otassium
Sodium
142 k g /h a /y r  
90 
18 
36 
17
N it r a te
Calcium
Magnesium
Potassium
Sodium
No lo s s  
9 .2  k g /h a /y r  
2 .6  
1.6 
7 .0
(3 ) The hydrogen io n  c o n te n t in c re a s e d , from average  s tream
pH 5-1 "to 4 .3*
(4 ) Stream  w a te r  te m p e ra tu re s  in c re a s e d .
(5 ) E l e c t r i c a l  c o n d u c tiv i ty  o f th e  w a te r  in c re a s e d  about 6 f o ld .
(6 ) Annual s tream  w a te r  d isch a rg e  was in c re a s e d  by 3 9 / th e  f i r s t  
y e a r  and 2 8 / th e  second y e a r  a f t e r  t r e a tm e n t .
The s p e c ta c u la r  r i s e  in  n u t r i e n t  lo s s  fo llo w in g  c u t t in g  and sup­
p re s s io n  o f grow th has been  p r im a r i ly  a t t r i b u t e d  to  a  d is r u p t io n  in  th e  
n i t ro g e n  c y c le .  The f o r e s t  f lo o r  m ic ro f lo ra  c o n v ert n i tro g e n  in  th e  a v a i l ­
a b le  o rg a n ic  m a tte r  in to  ammonia. T his ammonia i s  th e n  r a p id ly  o x id iz e d  
a t  warm te m p e ra tu re s  by b a c t e r i a  (G N itrosom onas) to  n i t r i t e  p lu s  hydrogen
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ions*  The n i t r i t e  i s  th e n  f u r th e r  o x id iz e d  by a n o th e r  b ac te riu m  (G 
N i t r o b a c te r ) to  n i t r a t e *  The hydrogen io n s  r e le a s e d  by th e  second r e a c t io n  
re p la c e  n u t r i e n t  c a t io n s  ( e . g . ,  c a lc iu m , magnesium, p o ta ss iu m , sodium) on 
exchange s i t e s  in  th e  c la y  m in e ra ls  and o rg a n ic  c o l lo id s  w ith in  th e  s o i l .  
S ince no v e g e ta t io n  i s  a v a i la b le  f o r  u p ta k e , th e  n i t r a t e  as  w e ll a s  th e  
ex cess  n u t r i e n t  c a t io n s  and hydrogen io n s  a re  f lu s h e d  from th e  s o i l  in to  
th e  d ra in ag e  system .
The extrem e m easures ta k e n  to  su p p re ss  grow th fo llo w in g  c u t t in g  
a t  Hubbard Brook c e r t a in l y  d id  no t s im u la te  any known s i l v i c u l t u r a l  p rac ­
t i c e .  They d id  produce a  model to  which subsequen t re s e a rc h  co u ld  be com­
p a re d .
O ther S tu d ie s
F o llow ing  i s  a  b r i e f  rev iew  o f s e v e ra l  o th e r  s ig n i f i c a n t  s tu d ie s  
desig n ed  to  determ ine  th e  im pact o f env ironm en ta l d is tu rb a n c e s  upon nu­
t r i e n t  o u tp u t and o th e r  r e l a t e d  p a ram ete rs  o f f o r e s te d  w a te rsh e d s .
A s tu d y  by P ie rc e ,  e t  a l .  (1972) was c a r r ie d  out in  New Hampshire 
in  seven  w a tersh ed s c le a r c u t  by com m ercial lo g g in g  o p e ra tio n s  in  th e  White 
M ountain N a tio n a l F o r e s t .  Though th e  d a ta  were l im i t e d ,  th e y  showed th a t  
th e  Hubbard Brook model r e f l e c t s  in  p a r t  th e  b eh av io r o f n u t r i e n t  r e le a s e  
a f t e r  com m ercial tim b e r h a r v e s t in g  in  th e  White M ountains. E l e c t r i c a l  
c o n d u c tiv i ty  and n i t r a t e  and calc ium  c o n c e n tra tio n s  were s u b s t a n t i a l l y  
g r e a te r  in  s tream s d ra in in g  th e  c le a r c u ts  th a n  in  th o se  d ra in in g  o th e r ­
w ise s im i la r ,  b u t uncu t w a te rsh e d s . C o n ce n tra tio n s  in  th e  s tream  w ith  th e  
h ig h e s t  v a lu e s  were about o n e - th ird  to  o n e -h a lf  th e  l e v e l s  reach ed  in  th e  
s tream  d ra in in g  th e  d r a s t i c a l l y  d is tu rb e d  Hubbard Brook w a te rsh e d .
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In c re a s e s  in  n u t r i e n t  d isch a rg e  fo llo w in g  c l e a r c u t t in g  have been 
dem onstra ted  in  th e  P a c if ic  N orthw est by G essel and Cole (19&5) i n 
Cedar P aver w a te rsh ed  in  W ashington and by F re d r ik se n  (1971) in  th e  
H. J .  Andrews E x p erim en ta l F o re s t  in  th e  Oregon C ascades. F re d r ik se n  
re p o r te d  a  d isc h a rg e  o f  n u t r i e n t s  a t  1.6 to  3 .0  tim es  normal fo llo w in g  
c l e a r c u t t in g  and s la s h  b u rn in g  o f a  Douglas F i r  f o r e s t .
Brown, e t  a l .  (1973)? w orking in  th e  Oregon C oast ra n g e , re p o r te d  
a  sh arp  3 to  5 fo ld  n i t r a t e  d isch a rg e  in c re a s e  and a  s h o r t - l i v e d  po tassium  
c o n c e n tra t io n  in c re a s e  fo llo w in g  c l e a r c u t t in g  and b u rn in g  o f a  71 h e c ta re  
w a te rsh e d . H igher n i t r a t e  ou tp u t c o n tin u e d  f o r  f iv e  y e a r s .  The s h o r t­
te rm  po tassium  in c re a s e  was a t t r i b u t e d  to  decom position  o f lo g g in g  s la s h  
in  th e  s tream  channel and th e  b u rn in g  th a t  fo llo w e d . In  th e  same s tu d y , 
a  l a r g e r  w a te rsh ed  (303 ha) which was 25$  p a tch  c u t y ie ld e d  no in c re a s e s  
in  n u t r i e n t  r e l e a s e .
C le a rc u t lo g g in g  has been shown to  have a  s ig n i f i c a n t  e f f e c t  on 
w a te r y ie ld  in  th e  Oregon C ascades. R othacher (1970) d em onstra ted  an in ­
c re a se  o f  18 a re a  in ch es  (4 6 cm) over p re d ic te d  v a lu e s .  The in c re a s e  was 
sp read  th ro u g h o u t th e  y e a r  w ith  m ajor f lo o d  flow s no t m arkedly in c re a s e d .
In c re a s e s  in  s tream  te m p e ra tu re s  commonly occur fo llo w in g  c l e a r -  
c u t t i n g .  Brown and I-Crygier (1970) showed th a t  where s t r i p s  o f b ru sh  and 
t r e e s  s e p a ra te d  lo g g in g  u n i t s  from th e  stream  ( in  th e  Oregon Coast Range) 
no in c re a s e  in  tem p e ra tu re  were o b serv ed .
CHAPTER I I
GENERAL INFORMATION 
LOCATION
The w a tersh ed s s tu d ie d  a re  in  th e  headw aters  o f th e  E a s t Fork o f 
th e  B i t t e r r o o t  R iv e r , They a re  w ith in  th e  S u la  D i s t r i c t  o f th e  B i t t e r r o o t  
N a tio n a l F o re s t  in  S ou thw estern  M ontana, about 11 km (7  mi) e a s t  o f S u la  
and 8 km (5 mi) n o rth w est o f th e  c o n t in e n ta l  d iv id e  (F ig u re  1 ) ,
The s tu d y  a re a  i s  a c c e s s ib le  v ia  F o re s t  S e rv ic e  ro ad s  h ead in g  o f f  
th e  ’’E a s t Fork Road11 (M ontana 472 , F o re s t  S e rv ic e  80) which i n t e r s e c t s  
US 93 a t  S u la , M ontana,
TOPOGRAPHY
The im m ediate s i t e  o f th e  w a tersh ed s i s  t y p i c a l ,  to p o g ra p h ic a l ly  ,■ 
o f many o f th e  c le a r c u t  s i t e s  in  th e  B i t t e r r o o t  N a tio n a l F o r e s t ,  S lopes 
a re  m oderate to  s te e p  (13 to  21 d eg rees  a v e ) ,  and e le v a t io n s  range from 
1800 to  2250 m eters  ( 58OO to  7360 f e e t ) ,
A USGS 7*5 m inute to p o g ra p h ic  map o f th e  re g io n  i s  c u r r e n t ly  in  
p re p a r a t io n .  A lthough a  p re lim in a ry  USGS map was u n a v a ila b le  a t  th e  tim e 
o f th e  s tu d y , a  1 :31 ,680  c o n to u r map (b lu e  l i n e )  has been produced by th e  
F o re s t  S e rv ic e . The d a ta  a p p e a rin g  in  Table 2 was d e riv e d  from t h i s  map 
an d , where a p p ro p r ia te ,  checked w ith  a e r i a l  p h o to g rap h s . The map i s  ac­
c u ra te  w ith  th e  e x c e p tio n  o f a b so lu te  e le v a t io n s  which may v a ry  by a s  much 
as  200 f e e t  from t r u e  v a lu e s  (John  Chapman, p e rso n a l com m unication, 1973)•
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Table 2 
W atershed D ata
 P a ir  1_______  P a ir  2_____  P a ir  3_______
Lodgepole Spruce Mink S p r in g e r  L. Mink L. Mink C
H oriz  A rea (h a ) 
True Area (h a ) 
H oriz  Area (a c )  
True A rea (a c )
S lope ($ )
S lope (deg)
High P t .  (m)
Low P t .  (m) 
R e l ie f  (m)
High P t .  ( f t )
Low P t . ( f  t ) 
R e l ie f  ( f t )
°(o c u t
L oading
A spect
S o u th e r ly  S lopes 
(ap p ro x  %)
193 183
201 189
478 453
497 467
27 24
15 14
2240 2200
1870 1870
370 330
7360 7220
6120 6120
1240 •1100
97 28
S evere Mod
ME ME
5 5
237 328
249 350
585 810
614 866
32 38
18 21
2210 2200
1820 1730
390 470
7260 7220
596O 5680
1300 1540
83 2
Severe None
MW uw
50 50
40 59
41 61
100 148
103 152
23 23
13 13
2040 2060
1770 1710
270 350
6680 6760
58OO 56OO
880 1160
46 0
Mod L i t t l e
MW NW
50 50
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CLIMATE
P r e c ip i t a t io n  in  th e  re g io n  i s  s t ro n g ly  r e l a t e d  to  e le v a t io n .  The 
c lo s e s t  gaug ing  s t a t i o n  (S u la , e le v a t io n :  4475 f t*  1364 m) re c e iv e d  an
average  annual p r e c ip i t a t i o n  o f 16.8 in ch es  (427 mm) f o r  th e  p e r io d  1956 
to  1968 (Garn and Malmgren, 1973) • Long-range average  annual p r e c ip i t a t i o n  
f o r  S u la , b ased  on com parisons w ith  nearby  s t a t i o n s  h av in g  lo n g e r  term  
re c o rd s , has been  e s tim a te d  to  be 18 in ch es  (457 mm) p e r  y e a r  (Herb G arn, 
p e rso n a l com m unication, 1974)•
In  th e  immediate s tu d y  a re a  annual p r e c ip i t a t i o n  i s  e s tim a te d  to  
be 25 to  30 in ch es  (635 to  763 mm) w ith  50 to  10 p e rc e n t f a l l i n g  a s  snow 
( Garn and M almgren, 19 73)•
Winds a re  p redom inan tly  s o u th w e s te r ly . A lthough annual evapora­
t io n  i s  no t p a r t i c u l a r l y  h ig h , summer e v a p o ra tio n  r a t e s  a re  h ig h  due to  
d ry in g  w inds and g re a t  amounts o f su n sh in e . Average te m p e ra tu re s  f o r  
S u la  ( in  d eg rees  p ) a re  20 .6  in  Jan u a ry , 60 .8  in  J u ly ,  and 41«0 a n n u a lly  
w ith  on ly  7 f r o s t - f r e e  days a n n u a lly . C om plications o f  c o ld  a i r  d ra in ag e  
make i t  im p o ssib le  w ith  t h i s  d a ta  to  e s tim a te  w ith  accu racy  te m p e ra tu re s  
a t  th e  w a te rsh e d s . In  g e n e r a l , th e  upper e le v a t io n  zone where c lim a te  
becomes l im i t in g  to  grow th occu rs  a t  6800 -  1000 f e e t  (ab o u t 2100 m)
(Garn and Malmgren, 1973)•
GEOLOGY
Bedrock in  th e  w a tersh ed s  i s  g r a n i te  ( i . e . ,  q u a r tz  m onzonite) o f 
th e  Idaho B a th o l i th .  No d e ta i l e d  p e tro g ra p h ic  work has been done to  d a te  
in  th e  im m ediate a r e a .  The com position  l i s t e d  in  Table 3 i s  p ro b ab ly  re p ­
r e s e n ta t iv e  o f bedrock  a t  th e  s tu d y  s i t e .
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Table 3
Weight P e rcen t C om position (a s  o x id es) 
Q uartz  M onzonite , C lea rw a te r C ounty, Idaho
Elem ent P e rcen t
SiOg 70.36
Al 2^^ 1 5 .H
Pe203 .51
PeO 1.80
MnO .04
MgO .93
CaO 2.55
Na20 3 .38
k2o 4 .O8
BaO
OAO.
T i0 2 .39
P2°5 .14
h 2 o+ .32
h 2 o~ .06
(H ie ta n en , 1963)
The s t r a i g h t  c o u rses  o f some o f  th e  s tream s m onito red  ( e . g . .  
S p r in g e r  C reek , Mink Creek) su g g es t s t r u c t u r a l  c o n tro l  by jo in t in g .  Bed­
ro ck  p e rm e a b il i ty  due to  such  jo in t in g  p o te n t i a l l y  p re s e n ts  a  problem  to  
w a te r  and n u t r i e n t  d isc h a rg e  d e te rm in a tio n s  anywhere on th e  Idaho B a th o l i th  
o r s im i la r  p lu to n s  (c h a p te r  IV ).
SOILS
S o i l s  in  th e  s tu d y  a re a  a re  th in  ( u s u a l ly  25 to  75 cm) » q u ite  
i r r e g u l a r ,  and capped by an o rg a n ic  la y e r  2 to  5 cm th i c k .  I t  i s  u s u a l ly
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not p o s s ib le  to  d e l in e a te  h o rizo n s  w ith in  th e  s o i l s .  They a re  w e ll d ra in e d , 
c o n ta in  much g ru s s ,  and have a  sandy loam to  loamy sand t e x tu r e .
T his ty p e  o f s o i l  i s  d e sc r ib e d  by Garn and Malmgren (1973) as  
h av in g  low f e r t i l i t y ,  low w a te r h o ld in g  c a p a c i ty ,  h ig h  i n f i l t r a t i o n  and 
p e rm e a b il i ty .  N a tu ra l s u rfa c e  e ro s io n  h azard  i s  l i s t e d  a s  low to  m odera te , 
d is tu rb e d  s u rfa c e  e ro s io n  h azard  as  m oderate to  h ig h , mass f a i l u r e  h aza rd  
a s  v e ry  low , and v e g e ta t iv e  p r o d u c t iv i ty  as low .
A ll s o i l s  a t  th e  s tu d y  s i t e  a re  developed  on g r a n i t i c  rock  w ith  
no lo e s s  or g l a c i a l  t i l l  o b serv ed .
VEGETATION
The u n cu t p o r t io n s  of th e  s tu d y  a re a  a re  covered  by a mixed co­
n ife ro u s  f o r e s t  t y p ic a l  o f much o f th e  B i t t e r r o o t  N a tio n a l F o r e s t1s mid­
d le  e le v a t io n s .  The s p e c ie s  p re s e n t a re  Ponderosa P ine ( Pinus p o n d e ro sa ) , 
Douglas F i r  ( P seudo tsuga m e n z ie s i i ) , Lodgepole Pine ( Pinus c o n to r ta ) , 
Engelmann Spruce ( P icea  en g e lm an n ii) , and S u balp ine  F i r  ( Abies l a s io c a r p a ) • 
C le a rc u t a re a s  a re  s p a r s e ly  covered  by b ru s h , v a r io u s  h e rb s  and g ra s se s  
and an o c c a s io n a l sm all t r e e .
SELECTION OF WATERSHEDS
Three p a i r s  o f w a tersh ed s were s e le c te d .  In  each case  th e  members 
o f a p a i r  a re  a d ja c e n t d ra in a g es  (F ig u re  2 ) .  Each member o f a  p a i r  i s  as  
s im i la r  a s  p o s s ib le  to  th e  o th e r  in  a l l  r e le v a n t  p a ram ete rs  (T able 2 ) ,  
save th a t  one w a tersh ed  has bean  la r g e ly  c l e a r c u t ,  w h ile  th e  o th e r  i s  
m ostly  u n d is tu rb e d .
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A e ria l  Photograph o f W atersheds S tu d ie d
A iv . iy iW '
•.■MU.W W W
F ig u re  2 . Map o f th e  W atersheds S tu d ie d
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I n i t i a l l y ,  a  fo u r th  p a i r  was s e le c te d  and m o n ito red . L a te r  ev a lu a ­
t io n  showed i t  t o  be a  poor cho ice  f o r  th e  fo llo w in g  re a so n s :  th e  t o t a l
a re a  o f one member i s  2 |  tim es  th a t  o f th e  o th e r ;  th e  d if f e r e n c e  in  h ig h e s t  
e le v a t io n s  betw een th e  two i s  to o  g re a t (240 m, 780 f t ) ;  th e  geomorphic 
d if f e r e n c e s  a re  to o  g re a t ( e . g . ,  th e  l a r g e r ,  h ig h e r  one c o n ta in s  a  rock  
g l a c i e r ) ; a  s iz a b le  p a r t  o f th e  c o n tro l  w a te rsh ed  has been  logged and 
ro ad ed . These d i s s i m i l a r i t i e s  would re n d e r  any com parative  d a ta  in v a l id  
and , th e r e f o r e ,  i t  was r e j e c te d  from th e  s tu d y .
MANAGEMENT HISTORY
The fo llo w in g  in fo rm a tio n  i s  d e r iv e d  from tim b e r s a le  re c o rd s  o f 
th e  S u la  D i s t r i c t ,  B i t t e r r o o t  N a tio n a l F o r e s t ,  from a e r i a l  pho tographs 
and from p e rso n a l o b s e rv a tio n .
P a ir  # 1 , Lodgepole Creek ( c le a r c u t )
The Lodgepole Creek w a tersh ed  had been  c le a r c u t  c o n tin u o u s ly  from 
th e  S p rin g  o f 19^7 u n t i l  1971• Of th e  97 p e rc e n t o f th e  w a tersh ed  th a t  
was c l e a r c u t ,  a  sm all amount was cu t in  1967 and 1968; most was cu t in  
1969 and 1970; and a n o th e r  sm all amount was c u t in  1971* A sm all p a tch  
(abou t 7 p e rc e n t o f th e  t o t a l )  in  th e  n o rth w est ( lo w er) end o f th e  w a te r­
shed  was te r r a c e d  and p la n te d  in  1970. There has been  no b u rn in g  o r re ­
moval o f unwanted cu t tim b e r w h a tso ev e r, and no lo g g in g  o r p la n t in g  s in c e  
1971* The w a te rsh ed  i s  h e a v ily  covered  w ith  f a l l e n  tim b e r and th e  p la n t in g  
on th e  t e r r a c e s  was n o t s u c c e s s f u l .  The w a te rsh ed  i s  d en se ly  covered  by 
roads and s k id  t r a i l s .
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P a ir  # 1 , Spruce Creek ( c o n t r o l )
Two sm all a re a s  (" to ta lin g . 28 p e rc e n t)  o f th e  Spruce Creek w a te r­
shed  were c le a rc u t*  and th e  s la s h  was burned  in  1966 and 19^7* These a re  
in  th e  extrem e upper (so u th  and w est) ends o f th e  w a te rsh e d . A F o re s t  
S e rv ic e  ro ad  t r a v e r s e s  th e  w a te rsh ed  in  s e v e ra l  p la c e s .
P a ir  #2* Mink Creek ( c le a r c u t )
The n o r th e a s t  t h i r d  o f th e  Mink Creek w a te rsh ed  was c le a r c u t  in  
th e  summer and f a l l  o f 1968, and dozer p i le d  in  1971* The sou thw est tw o- 
t h i r d s  was c le a r c u t  m ostly  in  th e  summer and f a l l  o f 1970* w ith  m inor c u t­
t i n g  c o n tin u in g  in to  1971* 1972* and 1973* A t o t a l  o f 83 p e rc e n t o f th e  
w a te rsh ed  was c le a r c u t .  There has been  no b u rn in g  and no p la n t in g .  Hoads 
and s k id  t r a i l s  a re  dense in  th e  c le a r c u t  p o r t io n  o f th e  w a te rsh e d .
P a ir  #2* S p r in g e r  Creek ( c o n tr o l )
A v e ry  sm all c le a r c u t  (2  p e rc e n t o f th e  w a tersh ed  a re a )  was made 
in  th e  u p per ( s o u th e a s t)  end o f th e  S p r in g e r  Creek w a te rsh ed  in  19^7*
Some t r e e s  were s e l e c t i v e ly  c u t by h o rse  lo g g in g  on th e  sou thw est s id e  
o f th e  w a te rsh ed  in  th e  l a t e  1940s; t h i s  i s  b a re ly  n o tic e a b le  to d a y . There 
has been no b u rn in g  and no p la n t in g .  W ith th e  e x c e p tio n  o f a  v e ry  s h o r t  
ro ad  a lo n g  th e  edge o f th e  c l e a r c u t , no p re s e n t-d a y  ro ad s  e x i s t  in  th e  
w a te rsh e d .
P a ir  #3* L i t t l e  Mink Creek ( c le a r c u t )
The low er 46 p e rc e n t o f th e  L i t t l e  Mink w atersh ed  was c le a rc u t  in  
th e  s p r in g  o f 1968* dozer p i le d  in  1971» burned  in  th e  f a l l  o f 1972* and 
p la n te d  in  th e  s p r in g  o f  1973* S e v e ra l roads and sk id  t r a i l s  e x i s t  in  th e  
w a te rsh e d .
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P a ir  # 3 , L i t t l e  Mink Creek ( c o n tro l)
There has "been no c u t t in g  o f any k in d  in  t h i s  w a te rsh e d . I t  i s  
t r a v e r s e d  in  one p lace  by a  ro a d .
F e r t i l i z e r  has no t been  added to  any o f th e  a fo rem en tioned  w a te r­
sheds •
CHAPTER I I I
ANALYTICAL METHODS
The w atersh ed s and t h e i r  su rro u n d in g s  a re  covered  w ith  s e v e ra l  
f e e t  o f snow from l a t e  autumn u n t i l  m id -sp rin g ; t h e i r  s tream s a re  in a c ­
c e s s ib le  to  m o n ito rin g  u n t i l  about May 1.
A ll s tream s were m onito red  a t  w eekly i n te r v a l s  th ro u g h  s p r in g  
peak r u n o f f ,  when changes in  d isc h a rg e  were o c c u rr in g  r a p id ly .  The mon­
i t o r i n g  in te r v a l  was g ra d u a lly  len g th en ed  to  fo u r  weeks in  mid-summer a s  
d isc h a rg e  s t a b i l i z e d .
DISCHARGE
W ater d isc h a rg e  was d e term ined  from th re e  d i f f e r e n t  f i e l d  pro­
c e d u re s . V"
(1 ) V e lo c i t ie s  and dep th s  in  Lodgepole, Mink, and S p r in g e r  
Creeks were m easured w ith  a  P r ic e  Pygmy c u r re n t  m e te r . D is­
charge was computed by th e  s ta n d a rd  USGS method (Buchanan 
and Som ers, 19^9)*
(2 ) D ischarge o f Spruce Creek was determ ined  from s u rfa c e  v e lo c i ty  
and c r o s s - s e c t io n a l  a re a  o f flow  th ro u g h  a  c o rru g a te d  s t e e l  
c u lv e r t  (T rau tw ine  and T rau tw in e , 1937)*
(3 ) D ischarge o f th e  two s m a lle s t  s tream s ( L i t t l e  Mink and L i t t l e  
Mink C o n tro l) was m easured d i r e c t l y  w ith  bucket and stopw atch  
a t  th e  bottom s o f c u lv e r t s .
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CONDUCTIVITY
E l e c t r i c a l  c o n d u c tiv i ty  was m easured in  th e  f i e l d  w ith  a  B arn stead  
PM 70 b rid g e  and a d ju s te d  to  25 d eg rees C (w a te r  te m p e ra tu re  was a ls o  
m easured a t  th e  tim e o f sam p lin g ),
SPECIFIC IONS
W ater sam ples were c o l le c te d  in  ac id -w ashed  p o ly e th y le n e  and
p o ly v in y lc h lo r id e  b o t t l e s ,  fro z e n  in  th e  f i e l d  and s to re d  in  a  f r e e z e r  
2lo c k e r .  Samples were thaw ed and an a ly zed  a t  th e  end o f th e  c o l le c t io n  
p e r io d  f o r  d iv a le n t  c a t io n s  (ca lc iu m  p lu s  m agnesium ), sodium , p o ta ss iu m , 
n i t r a t e ,  and c h lo r id e .  A nalyses were made w ith  an  O rion 407 m eter and 
th e  fo llo w in g  O rion s p e c i f i c  io n  e le c t r o d e s .
Table 4
S p e c if ic  Ion  E le c tro d e s  Used
Ion E le c tro d e
D iv a len t c a t io n s Div c a t  92-32 ( l i q u id  ju n c tio n )
Sodium Sodium 94—22 ( s o l id  s t a t e )
Potassium P otassium  92-19 ( l i q u id  ju n c tio n )
N it r a te N i t r a te  92-07 ( l i q u id  ju n c tio n )
C h lo ride S i lv e r  94—16 ( s o l id  s t a t e )
2One f i e l d  a n a ly s is  was made; la b o ra to ry  a n a ly s is  o f s to re d  
sam ples y ie ld e d  r e s u l t s  s im i la r  w ith in  10 p e rc e n t f o r  each  io n . On 
J u ly  25, sam ples were c o l le c te d  in  b o th  p o ly e th y le n e  and p o ly v in y lc h lo r id e  
b o t t l e s .  H a lf were f ro z e n  and h a l f  were s to re d  a t  room te m p e ra tu re .
L a te r  a n a ly se s  proved th a t  n e i th e r  b o t t l e  ty p e  no r s t a t e  o f s to ra g e  a f ­
f e c te d  th e  c o n c e n tra t io n s  o f any io n .
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A n a ly tica l procedures used were those o f Reynolds (1971)> w ith  the ex­
cep tio n  o f n itr a te  which was measured d ir e c t ly  (O rion, 1973)*
pH was measured in  the f i e l d  u s in g  the Orion 407 meter w ith  g la s s  
and calom el e le c tr o d e s .
CHAPTER IV
HYDROLOGY
PRECIPITATION
1973 was an u n u su a lly  d ry  y e a r  in  W estern M ontana. P r e c ip i ta ­
t io n  re c o rd ed  a t  S u la  d u r in g  th e  1973 w a te r y e a r  (1 O ctober, 1972, 
th ro u g h  30 Septem ber, 1973) was 10.44 in ch es  (265 mm) o r 58 p e rc e n t o f 
th e  lo n g -te rm  average  (F ig u re  3 ) .
HYDROLOGIC DATA
H ydrographs o f th e  s ix  w a tersh ed s  a re  p re s e n te d  in  F ig u re s  4 and 
5* R unoff i s  re p re s e n te d  as  w a te r d ep th  removed p e r  u n i t  tim e over th e  
a re a  o f each  w a te rsh e d . Comparison o f ru n o f f  betw een w a tersh ed s o f  d i f ­
f e r e n t  s iz e s  i s  th u s  m ean in g fu l.
As in d ic a te d  by th e  h y d ro g rap h s, w a te rsh ed  P a ir  3 i s  q u i te  d is ­
s im i la r  to  P a ir s  1 and 2 . I t  w i l l ,  th e r e f o r e ,  be c o n s id e re d  s e p a r a te ly .
DISCUSSION— PAIRS 1 AND 2
Lodgepole, Spruce, Mink, and Springer are second order watersheds 
(Horton, 1945) w ith  th ree to  f iv e  f i r s t  order tr ib u ta r ie s  each (F igure 2 ) .  
The main stream in  each watershed i s  perenn ial and occupies a w e ll d e lin ­
eated  chann el. The tr ib u ta r ie s  occupy poorly  formed channels and ceased  
flow in g  in  e a r ly  summer. The four watersheds are f a i r ly  comparable in  
other important param eters, and w i l l  be considered  to g e th e r .
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F ig u re  5* R unoff -  P a ir s  1 and 2
P a ir  1—
Lodgepole Creek » heavy l in e  
Spruce Creek « l i g h t  l in e
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P a ir  2—
Mink Creek « heavy l i n e  
S p r in g e r  Creek ® l i g h t  l i n e
J u ly Sep
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Each hydrograph shows a  h ig h  s p r in g  ru n o f f  peak in  May co rresp o n d ­
in g  w ith  r a p id  snow m e lt .  A s m a lle r  second peak , a  r e s u l t  o f  heavy p re ­
c i p i t a t i o n  (m o stly  r a in )  in  Ju n e , i s  e v id e n t in  th re e  o f  th e  h y d ro g rap h s . 
T his second peak i s  c o n sp icu o u s ly  a b se n t from th e  S p r in g e r  Creek hydro­
g rap h .
D uring th e  l a t t e r  h a l f  o f th e  p e r io d  re c o rd ed  in  th e  h y d ro g rap h s, 
d isc h a rg e  i s  slow  and s te a d y . The s tream s a re  a t  base  f lo w . P r e c ip i ta ­
t i o n  i s  s c a rc e  and th e  s tream s a re  r e c e iv in g  th e  g re a t  b u lk  o f t h e i r  
w a te r  from th e  ground w a te r  r e s e r v o i r .
In  com paring th e  h y d ro g rap h s , two o b se rv a tio n s  a re  a p p a re n t .
(1 ) The c le a rc u t  w a te rsh ed  in  each  p a i r  p roduces more w a te r  (p e r  
u n i t  a re a )  th a n  i t s  c o n t r o l .
(2 ) R unoff peaks o f L odgepole, Spruce and Mink C reeks a re  
c o n s id e ra b ly  h ig h e r  th a n  t h a t  o f S p r in g e r  C reek . (The r a t i o s  
o f peak ru n o f f  to  mean d a i ly  ru n o f f  f o r  th e  f i r s t  th r e e  w a te r­
sheds a re  1 2 .5 t 11*2, and 1 1 .8 , r e s p e c t iv e ly .  The r a t i o  f o r  
S p r in g e r  Creek i s  8 .7 * )
Table 5
T o ta l Runoff— May 11 to  Septem ber 29
P a ir  1
W atershed Runoff
P a ir  2
W atershed Runoff
Lodgepole ( c u t)  
Spruce ( c o n tr o l )  
D iffe re n c e  (mm) 
D iffe re n c e  (f0)
170 mm 
104 mm 
66 
163
Mink ( c u t)
S p r in g e r  ( c o n t r o l )  
D iffe re n c e  (mm) 
D iffe re n c e  {%)
89 mm 
22 mm
67
405
24
C le a rc u t t in g
Over a  lo n g  p e rio d  o f tim e , in  any w a te rsh e d , w a te r  lo s s  v ia  run­
o f f  must eq u a l p r e c ip i t a t i o n  minus t o t a l  e v a p o tr a n s p ir a t io n ,  i f  th e re  i s  
no lo s s  by deep seep ag e . I t  i s  im p o ssib le  t o  e s tim a te  w h e th er, o r to  
what e x te n t ,  deep seepage i s  r e s p o n s ib le  f o r  w a te r  l o s s .  The f a c t  t h a t  
th e s e  fo u r  s tream s co n tin u ed  to  flow  th ro u g h o u t a  v e ry  d ry  summer in d ic a te s  
t h a t  seepage lo s s e s  ( i f  any) cannot be m ajo r,
E v a p o tra n s p ira t io n  lo s s e s  in c lu d e  (1 ) t r a n s p i r a t i o n  by p la n ts  o f 
w a te r e x t r a c te d  from th e  s o i l ,  ( 2 ) in te r c e p t io n  and e v a p o ra tio n  o f p re ­
c i p i t a t i o n  by p la n t  le a v e s  ( p a r t i c u l a r l y  a  t r e e  can o p y ), and ( 3 ) evapora­
t i o n  a t  th e  s o i l  s u r f a c e .
R esea rch e rs  w orking on th e  E as t and West C oasts  (H ornbeck, e t  a l . ,  
19707 R o th ach e r, e t  a l , ,  1970) have re p o r te d  marked in c re a s e s  in  stream — 
flow  fo llo w in g  rem oval o f v e g e ta t io n  from a  w a te rsh e d . C le a rc u t t in g  r e ­
s u l t s  in  l e s s  w a te r l o s t  by t r a n s p i r a t i o n  and in te r c e p t  e v a p o ra tio n  ( i . e . ,  
e v a p o ra tio n  o f in te r c e p te d  p r e c ip i t a t i o n  from p la n t  s u r f a c e s ) .  There 
i s  some com pensation in  c le a r c u ts  from in c re a se d  s o i l  w a te r  e v a p o ra tio n  
as  a  r e s u l t  o f in c re a se d  e x p o su re , b u t th e  combined e f f e c t  re p o r te d  by a l l  
a u th o rs  i s  one o f d e c rea se d  e v a p o tr a n s p ir a t io n a l  l o s s ,  th u s  in c re a s e d  run­
o f f ,  fo llo w in g  c l e a r c u t t i n g .  Hornbeck and R othacher b o th  observed  ru n o f f  
in c re a s e s  to  be g r e a te s t  d u rin g  tim es  o f low flo w . Very l i t t l e  e f f e c t  
on peak ru n o f f  was no ted  (H ornbeck, e t  a l . ,  1970; R o th ach e r, e t  a l . ,  1970)*
The re d u c in g  e f f e c t  o f in te r c e p t  e v a p o ra tio n  o f snow on snowpack 
d ep th s  has been  shown to  be p a r t i c u l a r l y  s ig n i f i c a n t  in  th e  c o n ife ro u s  
f o r e s t s  o f  th e  N o rth ern  Rocky M ountains ( L u l l ,  1964)*
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D iffe re n c e s  in  ru n o f f  betw een each c le a r c u t  w atershed, and i t s  
c o n tro l  (T ab le  5) a re  i*1 la rg e  p a r t  due t o  d e c rea se d  e v a p o tr a n s p ira t io n  
in  th e  c le a r c u t  w a te rsh e d s . Table 5 a ls o  p o in ts  out a  s iz a b le  d if f e r e n c e  
in  ru n o f f  betw een th e  w a te rsh ed s  o f P a ir  1 and th o se  o f  P a ir  2 . The 
g r e a te r  ru n o f f  from P a ir  1 w a tersh ed s i s  a  r e s u l t  o f t h e i r  g r e a te r  p re ­
c i p i t a t i o n  in p u t ,  and t h e i r  a lm ost t o t a l  la c k  o f s o u th e r ly  f a c in g  s lo p e s ,  
hence l e s s e r  amounts o f e v a p o ra tio n  and su b lim a tio n  in  a l l  fo rm s, when 
compared w ith  P a ir  2 w a te rsh e d s .
While th e  a b so lu te  d i f f e r e n c e s  in  ru n o f f  betw een th e  cu t and 
c o n tro l  members o f b o th  p a i r s  a re  n e a r ly  i d e n t i c a l ,  th e  r e l a t i v e  d i f ­
fe re n c e s  in  ru n o f f  a re  n o t ,  Lodgepole C re ek 's  ru n o f f  i s  163 p e rc e n t o f 
i t s  c o n t r o l .  In  th e  lo w -ru n o ff  P a i r  2 w a te rsh e d s , th e  p e rcen tag e  d i f ­
fe re n c e  i s  4^5•
Roading
No overland flow  was noted in  any o f th ese  w atersh ed s, even during  
periods o f maximum ru n o ff, w ith  the excep tion  o f roaded su r fa c e s . Patches 
of exposed m ineral s o i l  are prominent in  the c lea rcu t a r ea s . However, 
th ese  are probably a r e s u lt  o f d isturbance by lo g g in g  o p era tio n s, not by 
sheetwash ero s io n  s in ce  th ere i s  no g u lly  and r i l l  form ation on the  
s lo p e s . I t  i s  c e r ta in , th e r e fo r e , th a t water movement to  the streams 
during tim es o f great snowmelt or r a in f a l l  i s  predom inantly below the  
su r fa c e •
D ecreased  p e rm e a b il i ty  o f roaded  s u r fa c e s  due to  com paction i s  a  
common cause o f s u r fa c e  ru n o f f  a lo n g  them (Kegahan and K idd, 1972). The 
w a te r  flo w in g  on th e  ro ad s  was no t e n t i r e l y  th e  r e s u l t  o f snow m e ltin g
26
or r a in  f a l l i n g  on th e  ro a d s , how ever. Along most o f th e  lo g g in g  ro a d s , 
c u ts  th ro u g h  th e  s o i l  down to  hedrock  a re  common. S o i l  w a te r  see p in g  
from th e se  ro a d c u ts  and t r a v e l in g  a lo n g  th e  ro ad s  o r t h e i r  d i tc h e s  to  a  
s tream  was a  common o b se rv a tio n  d u r in g  May, and a g a in  ( i n  s m a lle r  de­
g re e ) a f t e r  heavy r a in s  in  l a t e  Ju n e .
Whipkey ( 1965) l i s t s  th e  fo llo w in g  c o n d itio n s  as  b e in g  p a r t i c ­
u l a r l y  conducive to  su b su rfac e  w a te r  flo w :
(1 ) The la n d  i s  s lo p in g ;
(2 ) The su rfa c e  s o i l  i s  perm eable ;
(3 ) A w a te r  im peding la y e r  i s  n e a r  th e  s u r f a c e ;
(4 ) The s o i l  i s  s a tu r a te d .
These c o n d itio n s  a re  met in  th e  fo u r  w a tersh ed s in  th e  s p r in g .
Thus, in  th e  sh a llo w , perm eable s o i l s  o f th e se  w a te rsh e d s , \>rater 
i n f i l t r a t e s  th e  s o i l  s u rfa c e  and c o n tin u e s  downward u n t i l  i t  re a ch e s  a 
zone o f reduced  p e rm e a b il i ty  a t  th e  bedrock  s u r f a c e .  The w a te r  th e n  pro­
ceeds as in te r f lo w  (th ro u g h  th e  s o i l )  d o w n h ill.
Megahan ( 1972) has d em o n stra ted  a  s ig n i f i c a n t  amount o f  su b su rfac e  
w a terflo w  in te r c e p te d  by a  ro ad  c u t t in g  two m icro w a tersh ed s on th e  Idaho
B a th o l i th  in  W e s t-c e n tra l Id ah o . Where th e  s o i l  m antle  was c u t ,  sub­
s u rfa c e  flow  became s u rfa c e  f lo w .
I f  th e  s o i l  m antle  i s  c u t to  bedrock  a t  r e g u la r  and c lo s e ly  
spaced  i n t e r v a l s ,  th e  r e s u l t s  co u ld  be p ro fo u n d . T his i s  p r e c i s e ly  th e  
case  in  th e  h e a v ily  roaded  c le a r c u ts  in  t h i s  s tu d y . This d is r u p t io n  i s  
su b su rfac e  flow  in  c o n ju n c tio n  w ith  th e  d e c rea se d  p e rm e a b il i ty  o f ro ad  
and p o s s ib ly  s k id  t r a i l  s u r fa c e s  i s  a  m ajor c o n tr ib u to r  to  th e  hydrograph 
p eak . S p r in g e r  Creek ( th e  on ly  v i r t u a l l y  ro a d le s s  w a te rsh ed ) has a  low
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peak ru n o f f  and no secondary  peak a t  a l l#  T h is  i s  a t t r i b u t e d  in  p a r t  to  
i t s  la c k  o f ro ad s  an d , t h e r e f o r e ,  la c k  o f ro ad cu ts#
G eneral
The s i m i l a r i t y  betw een ru n o f f  d i f f e r e n c e s  (66 and 67 mm) in  th e  
two p a i r s  lo o k s r a th e r  f o r t u i t o u s .  I f  c l e a r c u t t i n g  a f f e c te d  ev ap o tran ­
s p i r a t i o n  r a t e s  t o  th e  same e x te n t  in  each  c le a rc u t  w a te rsh e d , and i f  
s o i l  w a te r  r e le a s e  by r o a d c u t t in g  d id  not in c re a s e  t o t a l  ru n o f f ,  th e n  
th e  s i m i l a r i t y  i s  more th a n  a c c id e n ta l .  I t  i s  no t c l e a r  w hether s o i l  
w a te r r e le a s e  due t o  ro a d in g  r e s u l t s  in  an in c re a s e d  t o t a l  ru n o f f ,  o r an 
in c re a s e d  s p r in g  ru n o f f  a t  th e  expense o f  l a t e r  groundw ater r e l e a s e .
What i s  c l e a r  i s  th a t  th e  com bination  o f v e g e ta t io n  rem oval and ro a d -  
c u t t in g  r e s u l t s  in  a  t o t a l  in c re a s e  in  s tream  d is c h a rg e , and a  l a r g e r  
in c re a s e  (u n lik e  E ast and West C oast r e s u l t s  p re v io u s ly  m entioned) d u rin g  
peak ru n o f f  p e r io d s .
What can be p re d ic te d  f o r  an average  ( i . e . ,  w e t te r )  y e a r?  A 
p re c is e  p r e d ic t io n  o f th e  ro a d in g  and c le a r c u t t in g  e f f e c t s  a c t in g  in  
c o n ce rt d u rin g  a  w e t te r  y e a r  cannot be made on th e  b a s is  o f th e  g e n e ra l 
model proposed  in  t h i s  c h a p te r .  R othacher (1970) has shown th a t  th e  r a t e  
o f e v a p o tr a n s p ira t io n  in  a  w a te rsh ed  i s  n e a r ly  independen t o f th e  amount 
o f p r e c ip i t a t i o n  re c e iv e d ;  i t  rem ains n e a r ly  c o n s ta n t th ro u g h  y e a rs  o f 
c o n s id e ra b le  v a r i a t io n  in  p r e c i p i t a t i o n .  I f  t h i s  i s  t r u e  f o r  b o th  th e  
cu t and uncu t w a tersh ed s  in  t h i s  s tu d y , th e n , c o n s id e r in g  c le a r c u t t in g  
a lo n g , th e  a b so lu te  d if f e r e n c e  in  ru n o f f  betw een a  c le a r c u t  and an uncut 
w a tersh ed  sh o u ld  be about th e  same in  a  ,,norm al,, y e a r  a s  in  a  d ry  y e a r .  
The r e l a t i v e  d i f f e r e n c e ,  o f c o u rs e , would be le s s #  In  a  f,norm al,, y e a r
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th e  roaded  w atersh ed s m ight he ex p ec ted  to  r e le a s e  a  much la r g e r  p ro p o r tio n  
o f t h e i r  w a te r  to  th e  s tream s s in c e  th e re  would he g r e a te r  amount o f in p u t 
a v a i la b le  t o  he d ra in e d  r a p id ly  from th e  s o i l#
DISCUSSION— PAIR 3
The w a tersh ed s o f P a ir  3 a re  f i r s t  o rd e r (H orton , 1945) and a re  
s im i la r  t o  th e  t r i b u t a r y  w a te rsh ed s  o f  P a ir s  1 and 2 , excep t th e  P a ir  3 
w a te rsh ed s  a re  a t  g e n e ra l ly  low er e le v a t io n s  (T ab le  2)#
The hydrographs in d ic a te  t h a t  peak d isc h a rg e  o ccu rred  on o r be­
fo re  th e  f i r s t  gaug ing ; no flow  a t  a l l  was observed  a f t e r  June 26. The 
d if f e r e n c e  in  th e  shapes o f the- two hydrographs i s  perhaps a  r e s u l t  o f 
more ra p id  snow m elt in  th e  c le a r c u t  w a te rsh e d , p ro d u c in g  a  h ig h e r  peak 
w ith  i t s  r a p id ly  f a l l i n g  re c e s s io n  lim b a s  opposed to  th e  more g rad u a l 
snow m e lt ,  and ru n o f f  peak , in  th e  uncu t w a te rsh e d . The same h y d ro - 
g ra p h ic  sh a p e s , how ever, co u ld  be th e  r e s u l t  o f th e  w a te rsh e d s1 sh a p e s . 
E qu id im ensiona l w a tersh ed s  ( L i t t l e  Mink) g e n e ra l ly  produce sh a rp  ru n o f f  
p eak s , w h ile  in  th e  case  o f lo n g , narrow  w a tersh ed s ( L i t t l e  Mink C o n tro l)  
th e  peak flow  te n d s  to  be low er and more ex tended  ( S t r a h l e r ,  1964)#
A p a r t i c u l a r l y  s ig n i f i c a n t  o b se rv a tio n  i s  th a t  ru n o f f  (p e r  u n i t  
a re a )  from th e  w a tersh ed s o f P a i r  3 i s  s i g n i f i c a n t l y  l e s s  th a n  ru n o f f  
from P a ir s  1 and 2 (F ig u re s  4 and 5» Table 5)« T o ta l ru n o f f  f o r  th e  
m o n ito r in g  p e rio d  from th e  L i t t l e  Mink and L i t t l e  Mink C o n tro l w a tersh ed s  
i s  8 and 5 mm, r e s p e c t iv e ly .  The t o t a l  ru n o f f  in  P a ir s  1 and 2 i s  about 
10 f o ld  g r e a t e r .  A p p aren tly  a  c o n s id e ra b le  amount o f w a te r  le a v e s  th e  
f i r s t  o rd e r  w a tersh ed s as  su b su rfac e  f lo w . T his w a te r i s  in te r c e p te d  
downstream where th e  w e ll—developed  stream  channel b e g in s . Any w a te r  o r
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n u t r i e n t  d isch a rg e  d a ta  d e r iv e d  from su rfa c e  flow  from f i r s t  o rd e r  w a te r­
sheds s im i la r  t o  th o se  o f P a ir  3 w i l l  th u s  be e rro n e o u s ly  low ; i t s  r e l a t i o n  
to  th e  whole i s  im p o ssib le  to  p re d ic t*
SUMMARY
I t  i s  th e  c o n c lu s io n  o f th e  w r i t e r  t h a t  two m ajor f a c to r s  a f f e c t  
ru n o f f  from th e  fo u r  l a r g e r  w a tersh ed s s tu d ie d :
(1 ) R eduction  o f v e g e ta t io n  and hence e v a p o tr a n s p ira t io n  i n ­
c re a s e s  ru n o f f  from th e  c le a r c u t  w a te rsh e d s ;
(2 ) R o a d c u ttin g , by in c is io n  to  th e  s o i l-b e d ro c k  in te r f a c e ,  
in c re a s e s  w aterflo w  from th e  roaded  w a te rsh ed s  d u rin g  p er­
io d s  o f s o i l  s a tu ra t io n *
The fo u r  w a tersh ed s  can be broken  in to  two p o p u la t io n s :
(1 ) C le a rc u t v e rsu s  uncu t (Lodgepole and Mink v s .  Spruce and 
S p r in g e r ;
(2 ) Roaded v e rsu s  non-roaded  (L odgepole , S p ru ce , and Mink v s .  
S p r in g e r ) •
The hydrograph  o f  each s tream  r e f l e c t s  th e  ty p e  and e x te n t o f 
d is tu rb a n c e  o f i t s  w atershed*
CHAPTER V
WATER QUALITY 
CONDUCTIVITY
E l e c t r i c a l  c o n d u c tiv i ty  i s  an o f te n —used  in d ic a to r  o f  t o t a l  io n ic  
c o n c e n tra tio n s  in  w a te r . F ig u re  6 shows th e  changes in  c o n d u c tiv i ty  ob­
se rv ed  in  each  w a tersh ed  th ro u g h  tim e (v a lu e s  have been  a d ju s te d  to  25 
deg rees  c ) .
In  each  c a s e , c o n d u c tiv i ty  v a r ie s  in v e r s e ly  w ith  d isch a rg e  (Fig*- 
u re  7)* The changes a re  n o t as extrem e as  th o se  o f d is c h a rg e , how ever. 
This in d ic a te s  a  g e n e ra l ly  in v e rse  r e la t io n s h ip  betw een d isc h a rg e  and 
t o t a l  io n ic  c o n c e n tra tio n s  in  th e  w a te rsh e d s . W ith on ly  one e x c e p tio n , 
each  measurement in d ic a te s  g r e a te r  c o n c e n tra t io n  in  each c o n tro l  w a te r­
shed th a n  in  i t s  c le a rc u t  c o u n te r p a r t .
Table 6 
Mean C o n d u c tiv ity
W atershed C o n d u c tiv ity Runoff
P a ir  1:
Lodgepole 53 At mhos 170 mm
Spruce 77 104
P a ir  2:
Mink 76 89
S p rin g e r 114 22
P a ir  3 :
L i t t l e  Mink 127 8
L i t t l e  Mink C on tro l 137 ........ . ..,5 .
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F ig u re  6 . C o n d u c tiv ity  Through Time
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F ig u re  7* C o n d u c tiv ity  v s  D ischarge  -  P a ir s  1 and 2
32
1 0 0 -
5 0 -
100 -
©
P a ir  1— Lodgepole Creek ( c le a r c u t )
o
©
o
© © •
P a ir  1— Spruce Creek (u n cu t)
©
50 *■ ©
5 0 -
P a ir  2— Mink Creek ( c le a r c u t )
1001 0  ©
P a ir  2— S p rin ger  Creek (u n cu t)
9 u
v>
1001 ^ o ©
,05 . .1 .5  1
D isch arge in  M illim eters /D a y
33
The r e la t io n s h ip  betw een mean c o n d u c tiv i ty  and t o t a l  ru n o f f  in  
th e  s ix  w a tersh ed s s tu d ie d  can be seen  in  T able 6 . C o n d u c t iv it ie s  ex­
p re s se d  in  T able 6 a re  th e  a r i th m e t ic  means o f  a l l  m easurem ents made from 
11 May to  29 Septem ber in  w a te rsh ed  P a ir s  1 and 2* and from 4 May to  26 
June f o r  P a i r  3 ; "they have no t been w eigh ted  w ith  re s p e c t  to  d isch arg e*  
Table 6 p o in ts  out t h a t ,  i n  g e n e ra l ,  th e  s tream s w ith  g r e a te s t  ru n o f f  
(p e r  u n i t  a re a )  have s m a lle s t  c o n c e n tra tio n s  o f  d is s o lv e d  s o l id s ,  and 
v ic e  versa#
TEMPERATURE
Averages o f  a l l  tem perature readings taken at each watershed are 
as fo llo w s  ( in  degrees c ) :  Lodgepole, 8; Spruce, Mink, 7; Sp rin ger, 8;
L it t le  Mink, 5? L it t l e  Mink C ontrol, 4» These should not be considered  
to  be the average water tem peratures o f  each w atershed over th e p er iod . 
Readings were made at d if fe r e n t  tim es o f  the day fo r  d if fe r e n t  w atersheds, 
and thus r e f le c t  d iu rn al v a r ia tio n s  ( e . g * ,  Lodgepole was sampled in  mid­
morning, Springer in  la t e  a ftern o o n ).
IONIC CONCENTRATION DATA
S evera l ob servation s are apparent from Tables 7 and 8 :
(1 ) N itra te  con cen tration s are grea ter  in  stream water o f the  
c lea rcu t w atersh ed s;
(2 ) C atio n  c o n c e n tra tio n s  in  a l l  s tream s a re  dom inated by th e  
d iv a le n t  c a t i o n s ,  fo llo w ed  by sodium , th e n  p o tass iu m ;
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Table 7
*x*
Mean C o n ce n tra tio n
Watershed mo3- Cl“ -H-ions Na+ K+ PH
P a ir  1:
Lodgepole ( c ,  R) .86 .41 '6 .3 2.3 1 .4 7 .6
Spruce (R) .48 .28 9 .2 2 .4 1 .4 7 .6
P a ir  2:
Mink (C , R) .77 • 58 9 .2 2 .5 1 .2 7 .7
S p rin g e r •59 .50 12.5 3 .3 1 .2 7.9
P a ir  3 :
L i t t l e  Mink ( c ,  R) 1 .7 14.3 4*4 2.3 7 .6
L i t t l e  Mink Con ( r ) .76 16.9 4 .8 1 .8 7 .6
C = C le a rc u t 
R -  Roaded
C o n ce n tra tio n s  in  Table 7 (w ith  th e  e x c e p tio n  o f pH) a re  e x p re ssed  
in  m g/l# They a re  a l l  a r i th m e t ic  av erag es  o f  th e  a n a ly se s  made.
Table 8
W eighted Mean C o n ce n tra tio n
[ i i i i  m ii ■ l i i i ■ i i t n i i i r r i ■ i ■ i ■ i r i 1 r n  i r i r i i i n  i i ■ t i i i i.
W atershed o
1
++ions H a + v +iV Runoff
__________i p s / x )_ . . . — I h s / i L _ _ . i  1) . . ( mg/1) (mm)
P a ir  1:
Lodgepole (c, R) .89 5 .6 2 .4 1 .5 170
Spruce ( r ) .68 8 .1 2 .4 1 .4 104
Pair 2:
Mink (C, R) .88 9 .1 2 .7 1.2 89
Springer __-52 . - 13.3 3 .4 1.2 22
C = C le a rc u t
R = Roaded
D ata a re  ex p re ssed  a s  mean c o n c e n tra tio n s  w eigh ted  w ith  re s p e c t  
to  d isc h a rg e  v a r i a t io n s  in  each  w a/tershed . Each v a lu e  e x p re ssed  sh o u ld , 
th e r e f o r e ,  be th e  mean c o n c e n tra t io n  o f  t h a t  io n  in  th e  e n t i r e  volume o f 
w a te r d isc h a rg e d  in  th e  p e r io d .  T his i s  a  more m eaningfu l e x p re s s io n  o f 
c o n c e n tra t io n  o f th o se  io n s  f o r  w hich s u f f i c i e n t  d a ta  i s  a v a i l a b le .  Be­
cause o f p a u c ity  o f d a ta .  P a ir  3 w i l l  be o m itted  from t h i s  and subsequen t 
c o n s id e ra t io n s .
(3 ) Potassium  and sodium c o n c e n tra tio n s  v a ry  r e l a t i v e l y  l i t t l e  
from one s tream  to  th e  nex t (o f  th e  fo u r  com parable , l a r g e r  
w a te rsh e d s ) ;  d iv a le n t  c a t io n  c o n c e n tra t io n s  do v a ry , inr* 
v e r s e ly  w ith  r u n o f f .
DISCUSSION
G eneral
Of p a r t i c u l a r  im portance in  c o n s id e r in g  th e  c h em is try  o f  th e se  
w a te rs  i s  th e  f a c t  t h a t  th e  s o i l s  a re  c h a r a c te r iz e d  by a  maximum o f  w a te r 
i n f i l t r a t i o n  and a  minimum o f  o v e rlan d  flo w . D uring th e  in t e r v a l  betw een 
in p u t ( v ia  p r e c ip i t a t i o n  o r  snowm elt) and d is c h a rg e , a l l  w a te r , ex cep t 
t h a t  f a l l i n g  d i r e c t l y  on ro ad s  o r  th e  s tream  c h a n n e ls , i s  f o r  v a ry in g  
le n g th s  o f tim e in  in tim a te  c o n ta c t w ith  th e  s o i l .  F o llo w in g  a re  two 
g e n e ra l models proposed  to  e x p la in  v a r ia t io n s  (o r  la c k  o f same) in  io n ic  
c o n c e n tra tio n s  betw een w a te rsh e d s , and in  any one w a te rsh ed  th ro u g h  t im e .
(1 ) Movement o f  s o i l  w a te r  in to  a  s tream  occu rs  a s  a  r e s u l t  o f 
rep lacem en t by and m ixing w ith  more d i lu t e  r a in  o r snow—m elt w a te r .  D uring 
p e r io d s  o f g re a t r a i n f a l l  o r snow m e lt , s o i l  w a te r  s o lu te  c o n c e n tra tio n s  
w i l l  be d i l u t e d .  Langbein and Dawdy ( 1964) have shown t h a t  a t  a  g iven  
tim e th e  amount o f m ixing o f r a in  w a te r  w ith  s o i l  w a te r ,  in  a  w a te rsh e d , 
i s  ap p ro x im a te ly  p ro p o r t io n a l  t o  s tream  w a te r d is c h a rg e . Thus, i t  fo llo w s 
th a t  d u rin g  tim es  o f h ig h  d isc h a rg e  b o th  s o i l  and s tream  w a te r  w i l l  be 
d i l u t e d .  I f  t h i s  d i l u t i o n  p ro c e ss  i s  dominant th e n  s tream  w a te r s o lu te  
c o n c e n tra t io n  w i l l  be in v e r s e ly  r e l a t e d  to  d is c h a rg e .
(2 ) The s o i l  i s  a  zone in  which io n  exchange and s to ra g e  a re  
p o s s ib le  betw een s o i l  w a te r  and components o f th e  s o i l .  S o i l s  may a c t
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a s  a  b u f f e r  w ith  re s p e c t  to  th e  co m p o sitio n  and c o n c e n tra t io n  o f s o lu te s  
in  th e  s o i l  w ater*  R e v e rs ib le  io n  exchange r e a c t io n s  in v o lv in g  c la y s  and 
o rg a n ic  c o l lo id s  in  th e  s o i l  and th e  fo rm a tio n  and d i s s o lu t io n  o f  com­
pounds te n d  to  s t a b i l i z e  s o i l  w a te r  com position*  These p ro c e sse s  sh o u ld  
m a in ta in  s tream  w a te r  io n ic  c o n c e n tra tio n s  a t  c o n s ta n t l e v e l s  r e g a rd le s s  
o f  w a te r f lu x  th ro u g h  th e  system* I f  th e s e  s o i l  w a te r  b u f f e r in g  p ro c e sse s  
a re  dom inan t, th e n  stream  w a te r  s o lu te  c o n c e n tra t io n  w i l l  be n e a r ly  
i d e n t i c a l  in  two s im i la r  w a tersh ed s  w ith  d i s s im i la r  d is c h a rg e , o r  in  any 
one s tream  th ro u g h o u t changes in  i t s  d isch a rg e*
The p re c ed in g  two opposing  models a re  f u r th e r  co m p lica ted  by th e  
a f f e c t io n  o f  p la n ts  f o r  c e r ta in -  n u t r i e n t  io n s  and t h e i r  r e j e c t i o n  o f 
o th e rs*  The u p tak e  and r e tu r n  o f n u t r i e n t  io n s  by p la n ts  i s  by no means 
c o n s ta n t th ro u g h o u t th e  y e a r .  A nother v a r ia b le  i s  n i t r i f i c a t i o n  and i t s  
r e s u l t a n t  r e le a s e  o f  c a t io n s  (Bormann and L ik en s , 1967)*
To g e t t o  a  d is c u s s io n  o f s o lu te  c o n c e n tra t io n s  in  one w a te rsh ed  
v e rsu s  a n o th e r  i t  i s  n e c e ssa ry  to  f i r s t  d is c u s s  v a r i a t io n s  w ith in  one 
w atershed* In  th e  fo llo w in g  p arag rap h s  s p e c i f i c  io n  c o n c e n tra t io n s  w i l l  
be d is c u s s e d  in  l i g h t  o f  th e  d i l u t i o n  and b u f f e r in g  models and t h e i r  
co m p lic a tio n s  h e re in  p re sen ted *
I n t  raw at e r s  he d
F ig u re s  8 , 9 i 10j and. 11 i l l u s t r a t e  th e  r e la t io n s h ip s  betw een 
io n ic  c o n c e n tra t io n s  and s tream  w a te r  d isc h a rg e  in  th e  fo u r  l a r g e r  w a te r­
sh e d s .
h i t r a t e * N i t r a te  c o n c e n tra tio n s  a re  q u i te  c o n s ta n t in  th e  u n c u t, 
and v a r ia b le  in  th e  c l e a r c u t ,  w a te rsh e d s . In  th e  c le a r c u t  w a tersh ed s
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F ig u re  8 .  C o n ce n tra tio n  vs
D ischarge  — Lodgepole Creek
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F ig u re  10* C o n ce n tra tio n  vs
D ischarge  -  Mink Creek
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c o n c e n tra t io n s  a re  g r e a te s t  in  th e  s p r in g  p re c ed in g  and th ro u g h  maximum 
ru n o f f .  A f te r  th e  ru n o f f  peak th e y  drop r a p id ly .  In  th e  c le a r c u t  w a te r­
sh e d s , t h e r e f o r e ,  th e re  i s  an  im p e rfe c t d i r e c t  r e l a t i o n  betw een n i t r a t e  
c o n c e n tra t io n  and d is c h a rg e . C o n ce n tra tio n s  in  th e  un cu t w a tersh ed s  do 
n o t v a ry  w ith  d is c h a rg e .
I t  i s  l i k e l y  t h a t  in c re a s e d  n i t r i f i c a t i o n  i s  b e in g  dem o n stra ted  
in  th e  c le a r c u t  w a te rsh e d s , a lth o u g h  t o  a  c o n s id e ra b ly  l e s s e r  degree  th a n  
a t  Hubbard B rook. A p p aren tly  th e  tim e most fa v o ra b le  t o  in c re a s e d  n i t r a t e  
r e le a s e  in  th e se  c le a rc u t  w a te rsh ed s  i s  b e fo re  and d u rin g  maximum ru n o f f .
C h lo r id e . C h lo rid e  c o n c e n tra tio n s  d is p la y  f a i r l y  e r r a t i c  be­
h a v io r  in  th e  fo u r  w a te rsh e d s . Based on on ly  fo u r  d a ta  p o in ts  in  each 
w a te rsh ed  l i t t l e  can be s a id  w ith  v a l i d i t y .  I t  does a p p e a r , how ever, 
t h a t  c o n c e n tra t io n s  a re  h ig h e s t  in  th e  b e g in n in g  and end o f th e  m onito r­
in g  p e r io d .  Juang  and Johnson (1967) have shown th a t  c h lo r id e  p a sse s  
th ro u g h  a  w a te rsh ed  ecosystem  w ith  v e ry  l i t t l e ,  i f  any , lo s s e s  o r  a d d i­
t io n s  from p r e c ip i t a t i o n  in p u t t o  r u n o f f .
I t  i s  l i k e l y  t h a t  v a r ia t io n s  in  c h lo r id e  c o n c e n tra t io n  in  th e  
s tream  w a te rs  r e f l e c t  b o th  v a r i a t io n s  in  in p u t ( e . g . ,  g r e a te r  in p u t from 
a  m aritim e a i r  mass) and d i f f e r e n t i a l  r a t e s  o f  c o n c e n tra t io n  by evapo— 
t r a n s p i r a t i o n  th ro u g h o u t th e  se a so n . Any s o i l  w a te r  mechanism i s  no t 
a p p a ren t from th e  d a ta .
B iv a le n t c a t i o n s . Throughout th e  p e r io d , d iv a le n t  c a t io n  con­
c e n t r a t i o n  shows a  s tro n g  in v e rse  r e l a t i o n  t o  d isch a rg e  in  each s tre a m . 
T h is  i s  a  r e s u l t  o f s o i l  w a te r  d i l u t i o n .  C o n ce n tra tio n s  on ly  d o u b le , 
a lth o u g h  w a te r  d isc h a rg e  d e c re a se s  by two o rd e rs  o f m agn itude , su g g e s tin g
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th e  p resence  a ls o  o f  s o i l  w a te r  b u f f e r in g .  S p r in g e r  C reek, w ith  th e  
s m a lle s t  change in  d is c h a rg e , l ik e w ise  has th e  s m a lle s t  change in  con­
c e n t r a t i o n .
Sodium. Sodium c o n c e n tra tio n s  ap p ear to  be w e ll b u f fe re d  w ith  
re s p e c t  to  d isc h a rg e  in  th e  f i r s t  th r e e  w a te rsh e d s , perhaps l e s s  w e ll 
in  th e  f o u r th .  No d i lu t i o n  e f f e c t  i s  p r e s e n t .
P o tassiu m . Potassium  c o n c e n tra tio n s  show a s l i g h t  d i l u t i o n  e f ­
f e c t  in  th e  un cu t w a te rsh e d s . In  th e  c le a r c u t  w a te rsh e d s , c o n c e n tra tio n  
i s  n e a r ly  c o n s ta n t th ro u g h o u t th e  ru n o f f  p e r io d .  T his may o r may no t be 
th e  r e s u l t  o f  a  s l i g h t  in c rease - in  th e  r e le a s e  o f p o tassium  io n s  in  th e  
c le a r c u t  w a tersh ed s  d u rin g  peak ru n o f f  a s  a  r e s u l t  o f in c re a s e d  n i t r i f i c a ­
t i o n .
pH. pH m easurem ents were not made u n t i l  26 May. M easurements 
in  a l l  w a tersh ed s showed th e  w a te r  to  be s l i g h t l y  a lk a l in e ,  w ith  re a d in g s  
v a ry in g  betw een pH 7*2 and 8 .1 .  Near th e  end o f  th e  m o n ito rin g  p e r io d , 
pH was g e n e r a l ly  s l i g h t l y  h ig h e r  in  a l l  w a tersh ed s  th a n  in  th e  b e g in n in g . 
With some e x c e p tio n s , pH te n d s  to  be h ig h e s t  d u r in g  low est d is c h a rg e .
In te rw a te rsh e d
Mean n i t r a t e  c o n c e n tra tio n s  a re  g r e a te r  in  th e  c le a r c u t  w a tersh ed s 
as s t a t e d  p re v io u s ly  (T ab le  8 ) .  This i s  a t t r i b u t e d  to  in c re a s e d  n i t r i f i c a *  
t i o n  in  th e s e  w a tersh ed s  in  th e  s p r in g .
Table 8 shows t h a t  average  c o n c e n tra tio n s  o f sodium and po tassium  
a re  s im i la r  among a l l  w a te rsh e d s , r e g a rd le s s  o f  th e  w a te r  d isc h a rg e  o f 
th e s e  w a te rsh e d s . T his i s  p ro b ab ly  a  r e s u l t  o f  th e  same b u f f e r in g
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mechanisms which m a in ta in  c o n s ta n t c o n c e n tra tio n  in  any one s tream  th ro u g h ­
out changes in  d isch a rg e  (p .  35)* W atersheds w ith  g r e a te r  ru n o f f  and 
g r e a te r  s o i l  w a te r  lo s s  d u rin g  r a p id  i n f i l t r a t i o n  e x h ib i t  sm a lle r  average  
c o n c e n tra tio n s  o f d iv a le n t  c a t io n s  (T ab le  8 ) ,  T his i s  a t t r i b u t e d  to  
g r e a te r  s o i l  w a te r  d i l u t i o n  in  th e  h ig h e r  d isch a rg e  w a te rsh e d s . Thus, 
th e  mechanisms re s p o n s ib le  f o r  mean d iv a le n t  c a t io n  c o n c e n tra t io n  d i f ­
fe re n c e s  betw een w a tersh ed s  ap p ea rs  t o  be th e  same mechanism re s p o n s ib le  
f o r  c o n c e n tra t io n  changes in  any one w atersh ed  th ro u g h  tim e (p .  3 5 )•
SUMMARY
In  th e  a re a  s tu d ie d ,  c o n c e n tra t io n s  o f t o t a l  d is s o lv e d  s o l id s  
p re s e n t in  a  s tream  were found t o  be d ec rea sed  i f  t h a t  stream *s w a te r­
shed  i s  c le a r c u t  o r ro a d e d . T h is  i s  a  r e s u l t  o f g r e a te r  amounts o f w a te r 
f lu x  an d , h en ce , g r e a te r  amounts on d i lu t i o n  o f d iv a le n t  c a t io n  concen­
t r a t i o n s  p re s e n t in  th e  sy stem .
C o n ce n tra tio n  o f th e  m ajor m onovalent c a t io n s  i s  n o t a f f e c te d  by 
in c re a s e s  in  w a te r  f lo w . I t  ap p ea rs  t h a t  th e re  e x i s t  b u f f e r in g  mechanisms 
w ith in  th e  s o i l  which m a in ta in  them a t  n e a r ly  c o n s ta n t c o n c e n tra t io n  in  
th e  w a te r  d is c h a rg e d ,
C le a rc u t t in g  does in c re a s e  n i t r a t e  c o n c e n tra tio n s  in  ru n o f f  w a te r . 
The in c re a s e s  occur b e fo re  and d u r in g  maximum ru n o f f .
CHAPTER VI
NUTRIENT DISCHARGE 
DATA
F ig u re s  12, 13, 14t and 15 a re  r e p r e s e n ta t io n s  o f n u t r i e n t  m asses 
d isch a rg ed ^  "by th e  s tream s o f w a tersh ed  P a ir s  1 and 2 th ro u g h o u t th e  
m o n ito rin g  p e r io d .  The m o n ito r in g  p e r io d  h as  been  d iv id e d  in to  s ix  in ­
t e r v a l s  to  d is p la y  v a r ia t io n s  in  d isch a rg e  th ro u g h  t im e . The in te r v a l s  
a re  s
I -------------------------------------8 May to  22 May
j j       _ „ _ 2 2  May to  5 Jane
I I I  — — — — — — — — — — — — 5 June to  26 June
jy  ----- ------------- — 26 June to  25 J u ly
V — — — — — — — — — — — — 25 J u ly  to  25 August
V I - - - - - - - - - - -  -  25 August to  29 Septem ber
The v e r t i c a l  axes i n  F ig u re s  12 th ro u g h  15 a re  d e f in e d  a s  av erage  
d isch a rg e  over th e  i n t e r v a l  le n g th ,  ex p re ssed  a s  g ra m s /h e c ta re /d a y . The 
a re a  o f each  re c ta n g le  i s ,  t h e r e f o r e ,  p ro p o r t io n a l  to  th e  n u t r i e n t  mass 
d isch a rg e d  d u rin g  a  p a r t i c u l a r  i n t e r v a l ,  and th e  t o t a l  n u t r i e n t  mass d is ­
charged  d u r in g  th e  p e r io d  8 May to  29 Septem ber i s  p ro p o r t io n a l  to  th e  
t o t a l  a re a  o f  t h a t  n u t r i e n t 's  h is to g ra m ,
DISCUSSION
The e f f e c t  o f s tream  d isc h a rg e  on n u t r i e n t  d isc h a rg e  in  each 
w atersh ed  i s  ap p a ren t from F ig u re s  12 to  15 and Table 9* The g r e a te s t
^ N u tr ie n t d isc h a rg e  i s  n u t r i e n t  c o n c e n tra t io n  m u l t ip l ie d  by w a te r 
d is c h a rg e ,
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F ig u re  14* D ischarge  by 
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v a r ia t io n s  in  n u t r i e n t  d isc h a rg e  th ro u g h  tim e a re  n a tu r a l ly  shown by 
th o se  io n s  ( n i t r a t e ,  sodium , p o tass iu m ) whose c o n c e n tra t io n s  do no t v a ry  
in v e r s e ly  w ith  w a te r  d is c h a rg e .  N i t r a te  d isc h a rg e  shows a  p a r t i c u l a r l y  
la rg e  v a r i a t i o n  in  Lodgepole Creek as  a  r e s u l t  o f  i t s  c o n c e n t r a t io n s  
d i r e c t  v a r i a t i o n  w ith  d is c h a rg e . C o n verse ly , th e  d iv a le n t  c a t i o n s ,  whose 
c o n c e n tra t io n s  v a ry  in v e r s e ly  w ith  w a te r d is c h a rg e , have th e  l e a s t  d is ­
charge  v a r i a t i o n  f o r  each  w a te rsh ed  th ro u g h o u t th e  p e r io d .
S p r in g e r  C reek , w ith  no ro a d s , no ro ad  c u t s ,  and th e r e f o r e  l e s s  
s o i l  w a te r  l o s s ,  shows much l e s s  o u tp u t o f  a l l  n u t r i e n t s ,  compared to  th e  
o th e r  th r e e  w a te rsh e d s , d u rin g  th e  f i r s t  two i n t e r v a l s .  Compared to  
S p r in g e r ,  Lodgepole, S p ru ce , and Mink Creeks lo s e  th r e e  to  te n  tim es  as 
much n i t r a t e ,  sodium , and po tass iu m  d u rin g  h ig h  r u n o f f .
Table 9
T o ta l N u tr ie n t D ischarge  
( f o r  th e  p e r io d  8 l a y  to  29 Septem ber)
W atershed NO3-
_ _ .(k g /h a ) ..._..
-H-ions
(k g /h a )
Na+
(k g /h a ) ......
+K
(k g /h a )
P a ir  1:
Lodgepole ( c ,  R) 1.52 9 .55 4 .09 2.63
Spruce (r ) .71 8.39 2.51 1.41
P a ir  2:
Mink (C, R) .78 8.09 2.34 1.08
S p rin g e r .13 2.93 .75 .26
C = c le a r c u t  
K = roaded
There i s  a  g r e a te r  t o t a l  d isch a rg e  o f  each  n u t r i e n t  from th e  c l e a r -  
cu t member o f  each  p a i r  th a n  from th e  uncu t member. D ischarge o f  each 
n u t r i e n t  i s  a l s o  g r e a te r  from each  roaded  w a te rsh ed  th a n  from S p r in g e r  C reek .
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The n u t r i e n t s  w ith  th e  s m a lle s t  p ro p o r t io n a l  v a r i a t i o n  in  t o t a l  
d isc h a rg e  betw een w a te rsh ed s  a re  th e  d iv a le n t  c a tio n s*  T his i s  a  r e s u l t  
o f t h e i r  in v e rs e  r e l a t i o n  to  d i f f e r e n c e s  in  t o t a l  w a te r  ru n o f f  betw een th e  
fo u r  w atersheds*  N i t r a te  and th e  m onovalent c a t io n s  have th e  g r e a te s t  
v a r i a t io n s  betw een w atersheds*  T his fo llo w s from t h e i r  more n e a r ly  s im i la r  
c o n c e n tra tio n s  in  th e  w a te r  o f th e  fo u r  stream s*
SUMMARY
G re a te r  amounts o f  a l l  n u t r i e n t s  a re  d isc h a rg e d  from c le a r c u t ,  
r a th e r  th a n  from u n c u t,  w atersheds*  G re a te r  amounts o f  a l l  n u t r i e n t s  
a re  d isc h a rg e d  from th e  road ed  w a te rsh e d s , r a th e r  th a n  th e  unroaded one*
S ince most n u t r i e n t  c o n c e n tra tio n s  v a ry  on ly  s l i g h t l y  (C h ap ter v)  
w h ile  ru n o f f  v a r ie s  g r e a t ly  (C h ap te r IV) betw een w a te rsh e d s , d i f f e r e n c e s  
in  n u t r i e n t  d isc h a rg e  a re  p r im a r i ly  a  r e s u l t  o f  d if f e r e n c e s  in  w a te r  d is ­
charge  •
CHAPTER V II
NUTRIENT BUDGET ESTIMATES
THE WATERSHED ECOSYSTEM
A f o r e s te d  ecosystem  i s  a  fundam ental u n i t  o f n a tu r e ,  made up o f 
b o th  l i v i n g  organism s and t h e i r  n o n - l iv in g  en v iro n m en t, l in k e d  by v a r io u s  
b io lo g ic a l ,  ch em ica l, and p h y s ic a l p ro c e s s e s . N u tr ie n ts  a re  c o n t in u a l ly  
c y c l in g  w ith in  th e  system # A v a ilab le  n u t r i e n t s  a re  h e ld  by c la y  and o r­
g an ic  com plexes o f  th e  s o i l#  They a re  ta k e n  up by v e g e ta t io n  and m icro­
o rg an ism s, te m p o ra r ily  s to r e d ,  and su b seq u en tly  made a v a i la b le  a g a in  
th ro u g h  decom position  and leach in g #
The s o i l f s pool o f a v a i la b le  n u t r i e n t s  i s  c o n t in u a l ly  b e in g  added 
to  by m e teo ro lo g ic  in p u t and p rim ary  w e a th e rin g  o f  bedrock# (The l a t t e r  
may a ls o  in c lu d e  fo rm a tio n  o f new m in e ra ls— c la y s . )  N u tr ie n ts  a re  con­
t i n u a l l y  b e in g  removed from th e  system  by le a c h in g  and removed by d ra in ag e  
w a te r s ,  in te r m i t te n t ly #
A sm all w a te rsh ed  i s  an  ecosystem  in  w hich m e te o ro lo g ic  n u t r i e n t  
in p u t and f l u v i a l  n u t r i e n t  o u tp u t can be measured# I f  th e  w a tersh ed  i s  
covered  by a r e l a t i v e l y  s ta b le  o ld -g row th  f o r e s t ,  th e n  t o t a l  n u t r i e n t  
l e v e l s  w ith in  th e  system  can be c o n sid e re d  t o  be a t  n e a r ly  s t e a d y - s ta t e ,  
th ro u g h  tim e (W h itak er, 1953)* Thus, n u t r i e n t  lo s s e s  (d ra in a g e  o u tp u t 
minus m e teo ro lo g ic  in p u t)  from a  s ta b le  ecosystem  must be re p la c e d  by , 
and may be th e r e f o r e  a  m easure o f , p rim ary  ro ck  w e a th e rin g .
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NUTRIENT BUDGETS
To determ ine  n u t r i e n t  "budgets in  any ecosystem  i t  i s  n e c e ssa ry  
t o  f i r s t  de term ine  a l l  p o s s ib le  in p u ts  and o u tp u ts  o f n u t r i e n t s  w ith  r e ­
sp e c t to  t h a t  sy stem . I t  has been  re p o r te d  t h a t  in  n o n -u rb an ized  a r e a s ,  
n u t r i e n t  in p u t by d ry  f a l l o u t  i s  i n s ig n i f i c a n t  when compared w ith  in p u t 
v ia  p r e c ip i t a t i o n  (L ik en s , e t  a l . ,  19^7)» a lth o u g h  t h i s  may v a ry  geo­
g r a p h ic a l ly .  I f  n u t r i e n t  o u tp u t i s  p r im a r i ly  in  th e  form of d is so lv e d  
s o l id s  in  th e  s tream  w a te r s ,  th e n  p r e c ip i t a t i o n  in p u t ( io n ic  co n ce n tra ­
t i o n  X volume) minus s tream  d isch a rg e  ( io n ic  c o n c e n tra t io n  X volume) 
sho u ld  d is c lo s e  approxim ate  lo s s e s  (o r  a d d i t io n s )  o f n u t r i e n t s  in  th e  
system .
N u tr ie n t c y c lin g  and n u t r i e n t  b u d g e ts  a re  dependent in  p a r t  upon 
w a te r c y c lin g  and w a te r  b u d g e ts . There a re  s e v e ra l  d i f f i c u l t i e s  in h e re n t 
in  a p p ly in g  a  w a te r  budget a n a ly s is  to  th e  w a tersh ed s  o f  t h i s  s tu d y .
(1 ) The bedrock  u n d e r ly in g  th e se  w a te rsh ed s  i s  p ro b ab ly  no t im perm eable.
(2 ) W ater d isc h a rg e  was no t m easured over an e n t i r e  w a te r  y e a r .  (3 )  Pre­
c i p i t a t i o n  was not m easured a t  th e  w a tersh ed  s i t e s .  These problem s re n d e r  
p re c is e  w a te r  budget d e te rm in a tio n s  im p o ss ib le .
An im p e rfe c t 1 though u s e f u l ,  d e te rm in a tio n  i s  p o s s ib le  in  th e  
fo u r  l a r g e r  w a tersh ed s  f o r  th e  fo llo w in g  re a s o n s :  (1 ) A lthough th e  bed­
rock  may no t be e n t i r e l y  w a te r - t i g h t ,  i t  ought to  be n e a r ly  so (C h ap ter 
IV ). (2 )  t th i le  w a te r  d isc h a rg e  was no t m easured over an  e n t i r e  y e a r ,  th e  
p e r io d  m easured re p re s e n ts  th e  g re a t b u lk  o f annual d isc h a rg e  in  th e se  
sm a ll,  m ountain  s tre a m s . By com parisons w ith  o th e r  sm all s tream  hydro­
graphs and th e  v e ry  l im i te d  h y d ro lo g ic  d a ta  a v a i la b le  co n ce rn in g  s im i la r
49
stream s in  th e  B i t t e r r o o t  F o re s t  (Herb Garn, p e rso n a l com m unication, 1974)» 
i t  can be e s tim a te d  t h a t  f o r  th e  fo u r  l a r g e r  s tre a m s , d isch a rg e  over th e  
p e r io d  m onito red  eq u a ls  ap p ro x im a te ly  80 p e rc e n t o f an n u al d isch arg e*
(3 ) P r e c ip i t a t io n  f a l l i n g  on th e  w a tersh ed s d u rin g  th e  w a te r  y e a r  can be 
e s tim a te d  from th e  amount o f  p r e c ip i t a t i o n  f a l l i n g  a t  S u la  d u rin g  th e  
same p e r io d . P r e c ip i t a t io n  a t  S u la  was 58 p e rc e n t o f  th e  annual a v e rag e .
I f  t h i s  same p e rcen tag e  i s  a p p l ic a b le  to  th e  w a te rsh ed  s i t e s  (11 km aw ay), 
th e n  t h e i r  p r e c ip i t a t i o n  f o r  th e  p e r io d  in  q u e s tio n  can be e s tim a te d  from 
t h e i r  p re d ic te d  annual mean p r e c i p i t a t i o n s .
DATA
Table 10
E s tim a te d  W ater B udgets 
(w a te r  y e a r ,  1973)
W atershed
I
(mm)
I I
(mm)
I I I
(mm)
IV
(mm)
V
(mm)
P a ir  1:
Lodgepole 762 442 425 212 213
Spruce 762 442 429 130 299
P a ir  2 :
Mink 635 368 351 111 240
S p rin g e r 635 368 344 28 316
i  = P re d ic te d  mean annual p r e c ip i t a t i o n  (G arn and Malmgren, 1973) 
I I  = E s tim a te d  1973 w a te r  y e a r  p r e c ip i t a t i o n  ( I  x . 58)
I I I  = 1973 p r e c i p i t a t i o n  c o r re c te d  f o r  average  w a tersh ed  s lo p e  
IV = 1973 w a te r y e a r  t o t a l  ru n o f f  (m o n ito rin g  p e rio d  ru n o f f  X 1*25) 
V = E v a p o tra n s p ira t io n a l  lo s s e s  ( i l l  minus IV)
P r e c ip i t a t io n  c h em is try  has been  m onito red  a t  s e v e ra l  s t a t i o n s  to  
th e  n o r th  o f th e  w a te rsh ed  s i t e s ,  d u rin g  th e  1973 w a te r  y e a r  ( F o r c ie r ,  e t  
a l . ,  1973)* One o f th e  s t a t i o n s  (Skoolcum B u tte ,  # 1 0 ) , lo c a te d  about 100 km
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n o rth —n o rth w est o f th e  w a tersh ed s  i s  s im i la r  in  m e te o ro lo g ic  and to p o g ra p h ic  
r e s p e c ts  to  them . I t s  p r e c ip i t a t i o n  ch em is try  sh o u ld  approxim ate  t h a t  o f 
th e  w a te rsh e d s .
Table 11
R ainw ater A nalyses— Skookum B u tte
Calcium Magnesium Sodium Potassium
.19 m g/l .04  m g/l .12  m g/l .24 m g/l
Based on summer p r e c ip i t a t i o n  o n ly .
The fo llo w in g  t a b le s  (T ab les  12, 13, and 14» P* 51) a re  b ased  on
th e  d a ta  o f T ab les 10 and 11, and on th e  assum ption  th a t  n u t r i e n t  d is ­
charge c o n c e n tra tio n s  d u rin g  th e  p e r io d  m on ito red  a re  r e p r e s e n ta t iv e  o f 
th e  w hole .
DISCUSSION
W ith th e  e x c e p tio n  o f  po tassium  in  th e  S p r in g e r  Creek w a te rsh e d , 
th e re  was a  n e t lo s s  o f n u t r i e n t  c a t io n s  from a l l  w a te rsh ed s  d u rin g  th e  
1973 w a te r  y e a r .  In  each  p a i r  a l l  n u t r i e n t  lo s s e s  were g r e a te r  from th e  
c le a rc u t  member th a n  from th e  uncu t member. L osses o f a l l  n u t r i e n t s  
were g r e a te r  from th e  roaded  w atersh ed s th a n  from th e  unroaded one .
A p p aren tly  p o tassium  i s  accu m u la tin g  in  th e  S p r in g e r  Creek i^atelu­
sh ed . S im ila r  n e t g a in s  in  po tassium  were n o ted  in  th e  Hubbard Brook 
w a te rsh ed s  p r io r  to  d is tu rb a n c e  (L ik en s , e t  a l . ,  1967)* T his accum ula­
t i o n  o f po tass iu m  co u ld  be a  r e s u l t  o f  a  g e n e r a l ly  in c re a s in g  biom ass 
o r ,  p o s s ib ly  i t  in v o lv e s  r e t e n t io n  o f th e  K in  c la y  s t r u c t u r e s .
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Table 12
E s tim a ted  N u tr ie n t In p u t From R ain  W ater 
(k g /h a /y r )
W atershed Calcium* ' ' Magnesium* Sodium Potassium
Lodgepole .81 .17 .51 1.02
Spruce .82 .17 • 51 1.03
Mink .67 .14 .42 .84
S p r in g e r
___________ — ............................... .14 .41 .83
*Ca"H' and Mg++ a re  v i r t u a l l y  th e  on ly  d iv a le n t  c a t io n s  p re s e n t in  
s tream  w a te r  (L iv in g s to n e , 1963; Hem, 197°)•
T able 13
E s tim a te d  N u tr ie n t  O utput By R unoff 
(k g /h a /y r )
W atershed Div C ations'* Sodium Potassium
Lodgepole 11.94 5.11 3 .29
Spruce 10.49 3 .14 1.76
Mink 10.11 2.93 1.35
S p rin g e r 3 .66 .94 .21
*Ca++ and Mg++ a re  v i r t u a l l y  th e  on ly  d iv a le n t  c a t io n s p re s e n t ir
s tream  w a te r  (L iv in g s to n e , 1963; Hem, 1970).
Table 14
E stim a te d  Net N u tr ie n t Loss (—) o r Gain (+ )-—
In p u t Minus O utput From T ab les 12 and 13
(k g /h a /y r )
W atershed Div C atio n s Sodium Potassium
P a ir  1:
Lodgepole ( C, R) -1 1 .0 —4*6 - 2 .3
Spruce ( r ) -  9-5 - 2 .6 -  .7
P a ir  2 :
Mink (C , R) -  9-3 - 2 .5 -  -5
S p r in g e r -  2 .9 -  .5 + .6
C = C le a rc u t 
R = Roaded
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I f  any one o f  th e  w a tersh ed s  co u ld  be c o n s id e re d  a  s te a d y  s t a t e  
sy stem , th e n  i t s  n e t n u t r i e n t  lo s s  shou ld  eq u a l i t s  r a t e  o f p rim ary  rock  
w e a th e rin g . Any o th e r  s im i la r  w a te rsh ed  w ith  g r e a te r  n u t r i e n t  o u tp u t as  
a  r e s u l t  o f d is tu rb a n c e ,  t h e r e f o r e ,  co u ld  be c o n s id e re d  to  be lo s in g  
n u t r i e n t s  f a s t e r  th a n  p rim ary  w e a th e rin g  adds them , th u s  d e p le t in g  th e  
t o t a l  a v a i la b le  n u t r i e n t  su p p ly , u n le s s  t h i s  d is tu rb a n c e  in c re a s e s  
w e a th e rin g  r a t e s .  Of th e  fo u r  w a te rsh e d s , S p r in g e r  Creek comes c lo s e s t  
to  b e in g  an u n d is tu rb e d  eco sy stem . I t s  accu m u la tio n  o f p o ta ss iu m , how­
e v e r , su g g e s ts  t h a t  i t s  n u t r i e n t  lo s s  r a t e s  a re  n o t eq u a l t o  rock  w eather­
in g  r a t e s ,  b u t r a th e r  must be ta k e n  as minimum v a lu e s  f o r  p rim ary  rock  
w e a th e rin g . A lso , n u t r i e n t  lo s s e s  from a  w a te rsh ed  can be ex p ec ted  to  
v a ry  c o n s id e ra b ly  from y e a r  to  y e a r  (T ab le  15) • The d a ta  re p re s e n ta ­
t i v e  o f one d ry  y e a r  cannot be c o n s id e re d  s t r i c t l y  r e p r e s e n ta t iv e  o f th e  
norm.
Thus, i t  i s  no t p o s s ib le  to  conclude w hether th e  w a tersh ed s o f 
th e  c le a r c u t  p o p u la tio n  o r th e  roaded  p o p u la tio n  a re  lo s in g  more n u t r i e n t s  
th a n  a re  b e in g  re p la c e d . I t  i s  c e r t a in  t h a t  th e y  a re  lo s in g  more th a n  
t h e i r  uncu t o r unroaded c o u n te r p a r t s .
SUMMARY
N u tr ie n t c a t io n  budget e s tim a te s  in d ic a te  in c re a s e d  n u t r i e n t  lo s s  
as a  r e s u l t  o f  w a te rsh ed  d is tu rb a n c e .  The in c re a s e s  a re  no t as  g re a t  as 
th o se  fo llo w in g  c u t t in g  and reg row th  su p p re ss io n  a t  Hubbard Brook (T ab le  
15) 1  n o r would in c re a s e s  o f t h a t  m agnitude be ex p ec ted  in  a  com m ercial 
c l e a r c u t .  W hether th e  n u t r i e n t s  l o s t  a re  b e in g  re p la c e d  by p rim ary  rock  
w e a th e rin g  in  th e  ecosystem  i s  no t known.
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T able 15
*
C a tio n  Budget Com parisons 
(k g /h a /y r )
C atio n s  I  I I  I I I  IV V VI
-H- 6 .9 1.8 91 . 108. 11 .0 2 .9
Na+ 4-9 2 .4 17. 17. 4*6 •5
+ .7 + .7 23. 36 . 2 .3 + .6
*A11 v a lu e s  a re  lo s s e s  w ith  th e  e x c e p tio n  o f (+ ) which in d ic a te s
a  g a in .
I  = Hubbard Brook w a te rsh ed s— "norm al" y e a r  (L ik en s , e t  a l . ,
1967).
I I  = Hubbard Brook w a te rsh ed s— "d ry "  y e a r  (L ik en s , e t  a l . ,  1967). 
I l l  = Hubbard Brook w a te rsh ed  #2— f i r s t  y e a r  fo llo w in g  d is tu rb a n c e  
(L ik en s , e t  a l . ,  1970).
IV = Hubbard Brook w a te rsh ed  #2— second y e a r  fo llo w in g  d is tu rb a n c e  
(L ik e n s , e t  a l . ,  1970).
V = Lodgepole Creek w atersh ed — 97 p e rc e n t c l e a r c u t ,  h e a v ily  
ro ad ed .
VI = S p r in g e r  Creek w a te rsh ed — 2 p e rc e n t c l e a r c u t ,  no ro a d s .
CHARTER V III
CONCLUSIONS
S ig n i f ic a n t  in c re a s e s  in  w a te r  and d is s o lv e d  s o l id  d is c h a rg e s  a re  
a  r e s u l t  o f d is tu rb a n c e  by c l e a r c u t t i n g  and i t s  a s s o c ia te d  ro a d b u ild in g  
in  th e  w a te rsh ed s  s tu d ie d  in  th e  B i t t e r r o o t  N a tio n a l F o r e s t .
Both t o t a l  and peak w a te r d is c h a rg e s  a re  s t ro n g ly  a f f e c te d  by 
w a te rsh ed  d is tu rb a n c e .  The h y d ro lo g ic  changes a re  a t t r i b u t e d  to  b o th  
d e c re a se s  in  e v a p o tr a n s p ir a t io n  fo llo w in g  c l e a r c u t t i n g  and in te r c e p t io n  
o f  slow moving s o i l  w a te r  by lo g g in g  ro ad  c u t s .  The l a t t e r  has th e  e f ­
f e c t  o f in c re a s in g  ru n o f f  when th e  s o i l  i s  s a tu r a te d ,  th u s  r e le a s in g  most 
w a te r when i t  i s  l e a s t  a p p re c ia te d  downstream .
In c re a s e s  in  n i t r a t e  c o n c e n tra t io n  a p p e a r , b e fo re  and d u rin g  
maximum ru n o f f ,  in  s tream  w a te rs  d ra in in g  th e  c l e a r c u t s .  N i t r i f i c a t i o n  
does no t ap p ea r t o  in c re a s e  n u t r i e n t  c a t io n  c o n c e n tra tio n s  in  th e  s tream  
w a te r s .  In  f a c t ,  e x c e p tin g  n i t r a t e ,  mean c o n c e n tra tio n s  o f  io n s  in  s tream  
w a te r d ra in in g  c le a r c u t  w a te rsh ed s  were low er th a n ,  o r n e a r ly  eq u al t o ,  
c o n c e n tra tio n s  in  s tream s d ra in in g  le s s  d is tu rb e d  w a te rsh e d s . C oncentra­
t i o n  d a ta  a lo n e  i s  m is le a d in g , how ever. In c re a s e s  in  w a te r  d isch a rg e  
from th e  c le a r c u t  w a te rsh ed s  more th a n  c o u n te ra c t  any d e c re a se s  in  con­
c e n t r a t i o n .  D ischarge o f n u t r i e n t s  ( c o n c e n tr a t io n  X ru n o f f )  i s  s i g n i f ­
ic a n t ly  in c re a s e d  by c l e a r c u t t i n g  and ro a d b u ild in g  in  a  w a te rsh e d .
N u tr ie n t budget e s t im a te s  dem onstra te  c a t io n  lo s s e s  in c re a s in g  
two to  s ix  tim es  (T ab le  14) a s  a  r e s u l t  o f  in c re a s e d  w a te r  d is c h a rg e -
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from th e  d is tu rb e d , w a te rsh e d s . W hether th e s e  lo s s e s  r e p re s e n t  s o i l  nu­
t r i e n t  d e p le t io n ,  o r a re  re p la c e d  by  p rim ary  ro ck  w e a th e rin g , cannot be 
d e te rm in ed .
These w a tersh ed s a re  c h a r a c t e r i s t i c  o f much o f th e  m id -e le v a tio n , 
m od era te ly  t o  s te e p ly  s lo p in g  la n d  in  W estern M ontana. S im ila r  exam ples 
c l e a r c u t t i n g  and ro a d in g  a re  numerous and more a re  b e in g  p la n n ed . I t  be­
hooves th o se  in v o lv ed  t o  c o n s id e r  th e  p o s s ib le  e f f e c t s ,  o u t l in e d  in  t h i s  
p a p e r , o f w a te rsh ed  d is tu rb a n c e  on th e  Idaho B a th o l i th ,  and , by in fe re n c e ,  
in  o th e r  p a r t s  o f th e  Rocky M ountain West w ith  s im i la r  c lim a te  and s o i l s .
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FIELD DATA
Date
1973 P a ir 1
Stream
P a ir  2 P a ir  3
Lodgepole Spruce Mink S p rin g e r L. Mink L. Mink C.
R unoff (m i ll im e te r s /d a y )
27 Apr. _ —— .58 .22
4 May 1.13 — — .47 .22
11 Kay 1.90 .86 1.56 .28 .16 .13
18 May 5.83 3 .18 2.88 .52 .052 .078
26 May 3 .45 2.39 1.33 .32 .026 .063
2 June 2.14 1.64 .80 .29 .006 .043
8 June 1.43 .86 .59 .22 .006 .018
26 June 1.79 1.05 • 75- .21 .013 .026
10 J u ly — — — — — —
25 J u ly .38 .25 .28 .07 — —
25 Aug. .26 .14 .38 .07 — _
29 S e p t. .12 .14 .15 .05 — . ——
Tem perature ( d eg rees C en tig rad e )
4 May 1 0 _ 3 1
11 May 2 0 3 3 3 3
18 May 6 3 5 7 5 4
26 May 5 3 3 5 4 4
2 June 5 3 4 5 5 4
8 June 11 6 9 9 — —
26 June 9 7 8 10 10 10
10 J u ly 12 9 9 12 — —
25 J u ly 11 9 9 11 — —
25 Aug. 14 9 9 8 — —
29 S e p t. 8 5 6 7 — —
—3
FIELD DATA (co n tin u e d )
Date Stream
1973  P a ir  1________  P a ir  2______   P a ir  3_________
______________________ Lodgepole_____ Spruce______________ Mink_____ S p rin g e r______ •________L> Mink_____ L. Mink C«
C o n d u c tiv ity  (**<mho— c o rre c te d  to  25° C)_____________________________________
4 May 66 96 — — 121 115
11 May 53 72 67 96 115 122
18 May 39 48 58 92 122 136
26 May 39 50 63 95 127 137
2 June 42 56 65 101 138 150
8 June 4 6 64 71 109 — —
26 June 48 72 68 108 141 161
10 J u ly 54 80 78 • 129 — —
25 J u ly 61 90 86 128 — —
25 Aug, 72 116 99 137 — —
29 S e p t, 75 132 101 137 — —
J &
4 May — — — — —
11 May — — — — — —
18 May — — — — 7 .7 7 .4
26 May 7 .4 7*3 7 .5 7-8 7 .7 7 .8
2 June 7 .4 7 .4 7 .6 7 .7 7 .3 7 .2
8 June 7 .7 7-7 7 .7 7 .6 — —
26 June 7 .6 7*3 7 .7 8 .0 7 .8 7 .8
10 J u ly 7 .5 7 .5 7 .5 7 .8 — —
25 J u ly 7 .6 7 .8 7.9 8.1 — —
25 Aug, 7 .8 7 .8 7 .8 8 .0 — —
29 S e p t. 7 .7 8 .0 7 .7 7-9 — —*
VJ1
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LABORATORY DATA
Date
1973 P a ir• 1
Stream
P a ir  2 P a ir  3
Lodgepole Spruce Mink S p rin g e r L. Mink L. Mink C.
N it r a te  C o n ce n tra tio n ( m i l l ig r a m s / l i t e r )
4 May 
11 May 2 .0 •51 1.1 .85 3 .0 .82
18 May 
26 May 1.2 •45 1 .0 .49 • 55 .59
2 June 
8 June •45 .45 •59 .38 1.5 .82
26 June .49 .62 .78 .62 1.8 .85
10 J u ly .30 .43 .45- .49 — —
25 J u ly .64 .49 .67 .70 — —
25 Aug. .40 .47 •59 •57 — —
29 S e p t. .36 .45 .64 .62 — —
C h lo ride  C o n cen tra tio n  ( m i l l ig r a m s / l i t e r )
4 May
11 May
18 May 
26 May .56 .18 .74 .56 1.9 1.5
2 June 
8 June .39 .18 .46 .14
— —
26 June — — — — — —
10 J u ly .14 .21 .25 •53 — —
25 J u ly — — — — — —
25 Aug. .28 .39 .63 .74 — —
29 S e p t. •53 .63 .77 .81 —
OnO
LABORATORY DATA ( c o n tin u e d )
Date Stream
1973 P a ir 1 P a ii* 2 P a ir  3
Lodgepole Spruce Mink S p rin g e r L. Mink L. Mink C.
D iv a len t C ation C o n ce n tra tio n  (m i l l i g r a m s / l i t e r  — Ca++)
4 May 
11 May 
18 May 
26 May
6 .8
4 .4
9 .2
6 .0
8
7 .2
11.6
11.6
13.6
1 4 .0
15.2
17.2
2 June 
8 June 4 .8 7 .2 8 .4 12.4 14.8 17.6
26 June 
10 J u ly  
25 J u ly  
25 Aug. 
29 S e p t.
5 .2
5 .2
7 .2  
9 .6
1 0 .0
8 .4
8 .0
11.2
13.2
1 6 .0
7 .6
6 .4  . 
10.8 
11.6 
13.2
12.4 
8 .8
14.8
14.4 
1 6 .0
15.6 18 .0
Sodium C o n cen tra tio n  ( m i l l ig r a m s / l i t e r )
4 May 
11 May 2.1 2 .2 2 .3 2 .7 3 .6 3 .8
18 May 
26 May 
2 June 
8 June
2 .4
2 .5
2 .3
2 .6
2 .5
2 .8
3 .3
3 .8
4 .7
5 .2
5 .6
5 .2
26 June 2.1 2 .2 2.1 2 .9 4 .1 4 .7
10 J u ly  
25 J u ly  
25 Aug. 
29 S e p t.
2 .0
2.1
2 .2
2 .4
2 .3
2 .4  
2 .8  
2 .8
2 .2
2.5
2 .6  
2 .6
3 .3
3 .3  
3 .5
3 .3
— —
LABORATORY DATA (c o n tin u e d )
Date Stream
1973 P a ir  1 P a ir  2 
Lodgepole Spruce Mink S p r in g e r
P a ir  3 
L. Mink L. Mink C.
Potassium  C o n ce n tra tio n  ( m i l l ig r a m s / l i t e r )
4 May 
11 May 1.5 1.3 1.4 1.3 2 .6 1 .7
18 May 
2 6 May 1.4 1.2 1.3 .92 2.3 1.8
2 June
1.4 1.3 1.2 1.98 June 1.3 2 .2
26 June 1.3 1.4 •86 1.1 2 .0 1.9
10 J u ly 1 .2 1.5 .76 1.4 — —
25 J u ly 1.3 1.4 1.1 1 .2 — —
25 Aug. 1.5 1.9 1.3 1.3 — —
29 S e p t. 1 .4 1.8 1.4 1.4 — —
ro
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